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ROTARY HEARTH 
| TEST BAKING OVENS 


IN THREE SIZES ELECTRIC OR GAS 
26° 32°° FIRED 


The Rotary Hearth Oven pictured above is the 38” dia. all electric model. 
These Hearth Ovens are offered as a supplemental line to our REEL 
TYPE OVENS in response to the demand of those Laboratories which re- 
quire the expanse of hearth area offered by this type. Controls and many de- 
tails are similar to those used in our Reel Ovens. 
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26” dia. Rotary Hearth Oven 82” dia. Rotary Hearth Oven 
Floor space 46” wide x 86” wide = 68° 
Wt. 800 Ibs. Price $720.00 net Wt. 900 Ibe. Price $980.00 net 
38” dia. Rotary Hearth Oven 
ie Wt. 1000 Ibs. Price $1140.00 net 
Pina ? Stainless steel interior and exterior at extra cost. 
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A Brief History of Milling and 
Baking by SCIENCE WRITER 


THE DUTCH IN NEW AMSTERDAM 


Nature blessed New York City with a wonderful 
harbor which is connected by sheltered water- 
ways with parts of New England. New Je-sey 
and upstate New York. The Dutch. who es‘ab 
lished New Amsterdam early in the 1600s, 


quickly realized the value of these geographical 
assets and 


with tvpical foresight. acted 


| Settlements grew up 
|} in Manhattan along 
wane the Hudson River as 
far north as Albany, 
- on the flat lands in 

New Jersey and Long 

Island, and even at 

Hartford in Conne>:ti- 
~ cut. Wheat growing 
Was an amporiant activity of the farms in the 
areas controlled by the Dutch. Soon wind and 
water mills appeared on Manhattan Island now 
the heart of New York City, to process the grain 
which was shipped by the inland wa‘e~ -outes to 
that center. The first was built in 1626 


Milling was an ex 
tremely important 
- part of New Amster- 
dam's commercial ac 
tivitv. This is not 
strange, however. as 
“= the center of wheat 
milling in those days 
was always close to 
the center of grain production. And, let's not 
forget that milling has been a necessary human 
activity since prehistoric times. Man is just not 
able to use raw wheatberries for nourishment. 


THE BaITISH IN NEW YORK 
In 1664 sovereignty over New / 
York passed from the Dutch to ( 


the British. At about that time 
the city became an important \g\%& 
milling center and wheat market. 
In fact milling bulked so large in 
the city’s affairs that it was reflected in the de- 
sgn of its coat-of-arms. Even today the seal of 
the City of New York displays the sails of a 
windmill and two flour barrels. Wheat, flour and 
bread continued to be a vital part of New York’s 
domestic and overseas commerce through the 
American Revolution and the Napoleonic period. 


Enriched with vitamins and iron for better nutrition 


CHAPTER X. iihen New York and 
Philadelphia Were Milling Capitals 


PHILADELPHIA, THE COLONIES’ MAJOR CITY 


Prominent as New York was in Colonial times 
it was not then the leading American city. That 
distinction belonged to Philadelphia. Leader 
ship as a milling center passed from the former 
to the 'atter 


Because of a combi 
nat on of fertile soil 
and thrifty. hard he ant 
working farmers, the ~ 
lands around Chesa 
peake Bay and the — 
Delaware River became the chief center of wheat 
growing in the colonies and in the world. Phila 
delphia, Baltimore. Wilmington and Richmond 
shared the milling and trading activity. After 
1750 Philadelphia held the leadership in milling 
wheat for many vears on!y to be overshadowed 
by Baltimore in the early 1800s. 


WHITE FLOUR... WHITE BREAD... . ENRICHMENT 
Throughout this series of articles three themes 
are apparent: 1.) The milling of grains is an 
ancient and necessary activity because people 
can: >* eat whole wheatberries: 2) When wheat 
is milled to the fineness and white 
ness demanded by today’s con- 
sumers certain valuable elements 
are unavoidably lost. 3.) To over 
come inescapable losses the vita 
mins thiamine, riboflavin and 
niacin and the mineral iron are re 
stored to the flour or bread through 
the widely accepted practice of enrichment. 
Today's white flour and bread meet today’s taste 
—and today’s requirements for good nutrition. 
The next chapter titled: “Milling Begins Moving 
Westward” will be published soon. 

This is one of a series of articles which is being 
published in professional nutrition and dietetic 
journals, and which will be widely distributed for 
educational purposes. Reprints of this and all 
previous chapters are available without charge. 
Write to the Vitamin Division. Hoffmann-lLa 
Roche Inc., Nutley 10, New Jersey. In Canada: 
Hoffmann-La Roche Ltd., 286 St. Paul Street. 
West: Montreal, Quebec. 

*This is the title of a de initive history of milling by 
John Storck and Walter Dorwin Teague, published bv 
the University of Minnesota Press at Minneapolis and 
copyrighted by the University of Minnesota. It is used 
with permission as a source of material for this series 
of advertisements. 
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IMPORTANT NEWS 


For the makers and users of Northwestern Spring 
Flours and Canadian Flours, for all research chemists 
in flour mills and large bakeries, and for all research 
engineers engaged in developing better mixing equip- 
ment. 


ANNOUNCING... 
THE RESEARCH MODEL 
FARINOGRAPH 


equipped with a speed-adjusting potentiometer, elec- 
tronically controlled, which makes possible the use of 
compensating currents (feed-back of electric currents) 
to supply the dynamometer of the FARINOGRAPH 
at all times with the proper required current volume. 


These electronic controls guarantee that the Research 
Model FARINOGRAPH will maintain, uniformly, any 
speed it is set for, between 10 r.p.m. and 90 r.p.m., 
regardless of the everchanging ied factor of the 
dough during mixing. Any desired speed changes are 
obtained simply and instantaneously turning a dial. 


Here is an example of the application of the Research Mod- 
el FARINOGRAPH: 


FARINOGRAPH curves of Northwestern Spring 
Flours and of Canadian Flours have often been dif- 
ficult to interpret because they would be flat and 
would not show the “Peak” generally observed in the 
curves of Southwestern Winter Wheat flours. How- 
ever, these same flours, mixed in the Research Model 
FARINOGRAPH at a speed of 75 r.p.m., will show a 
decided “Peak” and ak curves that are easy to in- 
terpret. 


Research Model FARINOGRAPH 


is available on rental. Write us for details. 


The 


BRABENDER CORPORATION 
Established 1938 


Rochelle Park, N. J. 
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FARINOGRap, 


BRABENDER 


The GENUINE Brabender Farinograph either with stainless 


steel clad mixing bowls cr wth bronze bowls is made. to 


achieve better on. 


Newly developed writing pens re 


ef cording a whole day without re 
filling soon available for all Bra 


bender dough testing machines. 
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STAINLESS STEEL MIXERS 


no longer a calibration problem! 


Heavy bronze 
frame with high 
thermal conduc- 


tivity. 


Thermostat - circulated 
water is brought into 
Stainless steel sheet, only 0.3 mm. thick. The close contact with the 
dough, being separated 
from it by only 0.3 mm. 
is compensated for by the extreme thinness of wall. 


lower thermal conductivity of the stainless steel 


the sheet. 


After five years of research we have succeeded in 
producing a stainless steel mixer capable of close 
and lasting calibration. Write for the full story. 


All GENUINE Brabender instruments and mixers are available 
on either purchase or rental basis. Ask us for attractive price quo- 
tations and new literature. 


C. W.JBRABENDER 
INSTRUMENTS, Inc. 


SOUTH HACKENSACK, NEW JERSEY 


Exclusively franchised Sales and Service 
Agents for the Milling industry. 


MIAG NORTHAMERICA, Inc. 


Telephone: FEderal 9-5713 
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The “LABCONCO” Mill 


With Micrometer Setting 


Our friends, “the experts’, tell us sample preparation is the 
“trouble maker” and “bottleneck” in many cereal and allied 
laboratories. Two mills by “Labconco” are helping solve this 
problem. 


The Standard Model (price $330.00) has a 14 H.P. motor — 
is designed for the average cereal laboratory. The Heavy Duty 
Model (price $466.50) has a 1 H.P. motor — is recommended 
for the larger cereal laboratory where use is more constant 
and feedstuffs and other samples must be prepared. 


Both models feature micrometer setting for endless varia- 
tion of particle size, simple cleaning, and a newly designed 
cutting plate which produces a “cut” and representative sam- 
ple. A card will bring vou full details, list of users, comments 
on adaptability for your problems. 


Laboratory Construction Company 
1113-1115 Holmes Street, Kansas City, Missouri, U.S.A. 
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STRUCTURE OF THE MATURE WHEAT KERNEL 
I. Gross Anatomy and Relationships of Parts ' 


Dororuy BRADBURY, IRENE M. Cutt, AND M. M. MacMasters? 


ABSTRACT 


\ kernel of wheat is a dry, one-seeded fruit. It has on one surface a 
crease that, in the commonly grown varieties, extends inward nearly to the 
center. The pericarp (fruit coat) envelops the seed and is fused with the thin 
seed coat. Logether they form two protective layers around the endosperm 
and the germ. The projecting lower tip of the germ is especially vulnerable 
to mechanical injury during harvesting and handling, and is often broken 
to expose germ tissue. When tissues beneath the seed coat are exposed, they 
are more readily entered by moisture, molds, etc., than when seed coat and 
fruit coat protect them. 

The pericarp and the outermost tissues of the seed, including the aleu- 
rone layer, compose the bran. There is no natural line of cleavage between 
bran and starchy endosperm. This fact accounts for some of the difficulties 
encountered in separating the two during flour milling. The germ is, struc- 
turally, a separate entity; a separation of germ and endosperm should re- 
quire no breaking of cell walls. 


Wheat is used mainly for the production of flour by milling. This 
entails separation of bran, endosperm, and germ. Similarly, future ex- 
panded industrial utilization of wheat will depend in part upon the 
separation of structural parts and chemical constituents. All types of 
processing to which the grain is or may be subjected can be efhciently 
carried out only if there is a clear understanding of the structural de- 
tails of the raw material. The grain handler also is vitally interested in 
the structure of the wheat kernel. Movement of water out of or into 
the grain is basically dependent upon structure. 

Numerous studies of the structure of the wheat kernel have been 
published, but the material is not readily available to cereal chemists 
and wheat processors. Many of the best accounts are out of print or 
published in foreign journals which are sometimes difhcult of access. In 


1 Manuscript received July 5, 1956. Presenied at the 41st annual meeting, New York, May 1956. 
2 Northern Utilization Research Branch, Peoria, Hlinois, one of the Branches of the Agricultural Re- 
search Service. U.S. Department of Agriculture. 
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addition, the terminology for the parts of the kernel is extremely con- 
fused and many of the articles are written in technical language and 
from the point of view of comparative developmental anatomy. Some 
of the general accounts of wheat kernel structure are those given by 
Fairclough (9), Gassner (10), Hayward (12), Hector (13), Marimpietri 
and Tirelli (18), Moeller (21), Percival (22), Tschirch and Oesterle 
(25), Vogl (26), and Winton and Winton (27). There are also articles 
dealing with restricted aspects of structure, and with the relation of the 
structure of the wheat kernel to millability and to the movement of 
water within the kernel. Only the most pertinent of these will be dis- 
cussed in connection with descriptions of the parts and tissues involved. 

The purpose of the present study, which is presented in a series of 
four papers including Parts I] (5), 111 (6), and IV (7), is to give an ac- 
count of the gross and detailed structure of the wheat kernel which 
will be useful to cereal chemists, grain handlers, and wheat processors. 
A glossary is appended to Part IV (p. 390), because use of some techni- 
cal botanical terms is unavoidable. 


Materials and Methods 


The gross anatomy of the wheat kernel was studied from dry, uncut 
kernels and thick (40-72 ,) freezing-microtome sections of kernels of a 
hard red winter wheat, Pawnee variety. To obtain sections suitable fon 
photomicrographs, the kernels were steeped 6—14 days in an FAA fixa- 
tive at 8° C. before sectioning. The fixative contained 50 ml. 95°), ethyl 
alcohol, 5 mil. glacial acetic acid, 10 ml. 37-40°,, formaldehyde, and 35 
ml. distilled water. This treatment reduced the stickiness and stringi- 
ness of the gluten. The sections were stained with 0.025°,, Congo red 
in aqueous solution buftered to pH 8 with phosphate buffer. They were 
mounted in glycerol or in the phosphate buffer solution. 

Kernels from four classes of wheat were prepared to show the endo- 
sperm texture by cutting them above the desired plane of view and 
then grinding them down on a glass plate which had been abraded 
with 100-mesh carborundum. This was done to prevent shattering of 
endosperm cells. Shattering imparts a false appearance of softness, even 
if the endosperm is actually vitreous in texture. The smooth plane 
surfaces of the kernels were photographed by reflected light (Fig. 11). 

The longisection (Fig. 6) was prepared from photomicrographs by 
a mosaic method (11) similar to that used in aerial mapping of land. 

From 300 to 500 kernels of each of 14 samples of wheat were exam- 
ined for both shrunken kernels and mechanical injury. Each kernel was 
handled separately and viewed from all angles through a dissecting 
microscope equipped with 9x oculars and a 2x objective. 
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Fics. 1-5. External views of Pawnee wheat kernels (11%). Fig. 1— back (dorsal) face; Fig. 2— 
crease (ventral) face: Fig. 3 side; Fig. 4 — brush end; Fig. 5 —- germ end. 
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STRUCTURE OF MATURE WHEAT KERNEL. I 


General Nature and External Appearance of Kernel 
The wheat kernel is a dry, one-seeded fruit that does not split open 
at maturity to shed the seed. The seed consists of germ, or embryo, and 
endosperm enclosed by a nucellar epidermis and a seed coat. A fruit 


coat (pericarp) surrounds the seed. The fruit coat and the seed coat 


have grown together during maturation. This type of fruit (a caryopsis) 
is characteristic of members of the grass family. 

The roughly egg-shaped kernel of wheat is from 4 to 10 mm. long; 
its length is related to variety and to its location in the spike and in the . 
spikelet during development (3). A well-filled kernel of most common 
varieties is smoothly curved on its dorsal face (back surface, opposite 
crease), except at the base where the fruit coat is wrinkled over the 
underlying germ or embryo (Figs. 1, 3, 5). The embryo occupies from 
less than one-sixth to over one-fourth of the dorsal surface, depending 
in part upon the variety (3). The kernel of wheat, like those of rye, 
barley, and oats, has on its ventral face a furrow or crease between two 
protruding cheeks (Figs. 2, 4). In the commonly grown varieties of 
wheat the crease actually penetrates nearly to the center of the kernel 
(Fig. 7), although externally the crease may vary from shallow to deep 
(3) because its flanks may touch over a small or greater area. The 
cheeks of the kernel section for Fig. 7 had spread apart during steeping. 
The crease was produced when the developing seed became filled with 
stored food and bulged out on each side. The embryo lies at an angle 
to the upper dorsal surface of the grain (Fig. 3). The lower end of the 
embryo, in which the root tip is located, projects slightly beyond the 
attachment region (the place where the kernel was attached to the 
stem) (Figs. 3, 5). A small dark spot sometimes shows through the fruit 
coat at the lower tip of the embryo (Fig. 5). This is the area about the 
micropyvle, a very small opening that was present at flowering time in 
the cell layers that later developed into the seed coat. At the apex or tip 
of the kernel there is a brush composed of many hairs (Figs. 1, 2, 4). 

The color of the kernel is one of its most constant varietal charac- 
teristics; length and endosperm texture are the other two (3). Wheats, 
with the exception of some Abyssinian and durum varieties, are classed 
as white or red (3). The dark color of the red wheats arises primarily 
from materials present in the seed coat, but it is influenced by the tex- 
ture of the endosperm and the nature of the pericarp (3, 22). 


Parts of Kernel 
Pericarp. The tissues of the pericarp (fruit coat) form a thin protec. 
tive covering over the entire kernel, and are reported (4, 14, 17) to 
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Fic. 6. Pawnee wheat kernel bisected longitudinally through the crease (20X). This is a composite 
ae that gives an idealized view of the cut surface at the right and of one flank of the crease at 
make up about 46°, of its weight. The outer surface of the pericarp 
is covered with a thin cuticle except in the attachment region (Fig. 6). 
Microscopic examination of the pericarp shows that it is composed of 
several layers. In order, from outside toward the center of the kernel, 
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these are: epidermis, hypodermis, remnants of thin-walled cells, inter- 
mediate cells, cross cells, and tube cells. The hairs of the brush are 
extensions of epidermal cells. In water-steeped kernels and in sections 


of dry kernels mounted in water, the outer part of the pericarp often 
separates from the inner part (Figs. 6, 7). This separation has its basis 
in structure, the break occurring in the region of thin-walled cells. The 
terms outer and inner pericarp will be used to designate the two parts, 
whether they are separated or united. The outer pericarp is the “bees- 
wing” of the miller. Threadlike hyphae of molds are usually present in 
the region where the break between inner and outer pericarp occurs. 
In the crease region, the pericarp contains a vascular bundle (Figs. 6, 
7). It extends from the attachment region to near the apical end of the 
crease. Through its cells water and nutrient material were carried to 
the developing seed from the wheat stem. 

Seed Coat and Pigment Strand. The thin seed coat forms a nearly 
complete covering over the embryo and endosperm. It is firmly united 
with the innermost cells of the pericarp. At the bottom of the V-shaped 
crease the seed coat from each flank of the crease joins a strand of tissue 
that appears nearly circular in cross section. In red wheats this strand, 
like the seed coat itself, contains dark-colored pigments and so has been 
otten called the pigment strand (Fig. 7). The pigment strand runs the 
length of the crease (Fig. 6) and, in red wheat, is conspicuous in un- 
stained sections of the kernel. The seed coat connects with the apex 
and base of the pigment strand and along its sides. The two structures 
together form a protective coat about the seed. 


Nucellar Epidermis and Nucellar Projection, The nucellar epider- 
mis is composed of a single row of compressed cells. It lies between the 
seed coat and the endosperm and is firmly united to both. Because this 
layer appears bright when seen through the microscope, it is often 
called the hyaline layer. 

The nucellar epidermis joins a band of cells that will be referred 
to as the nucellar projection (Figs. 6, 7). This band lies just interior to 
the pigment strand and runs parallel to it. 

Endosperm. This tood-storage tissue is responsible for slightly over 
90°) of the total weight of the kernel (4). The outermost row of thick- 
walled cells is the aleurone layer (Figs. 6, 7), which usually makes up 
about 6-7°, of the kernel weight (4, 14). It is the innermost layer of 
the bran; the latter comprises about 13—16°;, of the kernel by weight 
(4, 14, 17). The aleurone layer contains no gluten or starch but has 
reserve foods in the form of oil and aleurone (protein) granules. The 
major portion, the starchy endosperm (Figs. 6, 7), is composed of cells 


| 
i 
: 
=e 


Nov., 1956 BRADBURY, CULL, AND MacMASTERS 


STARCHY ENDOSPERM OUTER PERICARP 


ALEURONE 


CREASE 


TERAL 
ROOTS 


COLEOPTILE 


PRIMARY 
“ROOT 


7 10. Tra tions of Pawnee wheat kernels at planes 


nseeti and D, respectively, of Fig. 6 
Figs. 8 10, 20» 


that contain many starch granules embedded in a matrix of proteinace- 
ous material, 

A conspicuous cavity which varies in shape and size is present adja- 
cent to the endosperm in the vicinity of the nucellar projection (Figs. 
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6, 7). It will be referred to as the endosperm cavity. This cavity con 
tains a substance that swells in water and that can be stained with 
Congo red and with picric acid. 

Differences in texture of the starchy endosperm can be seen in cut 
kernels with the unaided eye. Some endosperm is hard, translucent, 
and vitreous or horny in appearance, whereas some is soft, white, mealy, 
floury, or chalky. These extremes are illustrated in Fig. 11. The texture 
is related to the denseness of the tissue; the cells of the horny or vitre 
ous endosperm are completely filled with starch and proteinaceous ma 
terial packed together in a solid mass; the cells of mealy or floury endo 
sperm have many small spaces around the starch granules or separating 
the cell contents from the wall. Percival (22) also noted the develop 


ment of fissures between cells. 


Endosperm texture is one of the most constant characteristics associ 
ated with different classes and varieties of wheat (3) (Fig. 11). The 
endosperm of durum or macaroni wheats is typically very hard and 
translucent, this character being little affected by environmental condi 
tions. The soft red winter wheats usually have a soft or mealy endo 
sperm that appears white when photographed. Hard red wheats have 
a combination of vitreous and soft endosperm or have a hard endo- 
sperm unless they are grown under humid conditions or in soil defi 
cient in nitrogen. In kernels that show endosperm of both textures, the 
apical portion is always horny and the mealy part is usually located 


near the embryo (22). 


Germ. The germ or embryo, usually about 2-3°% of the kernel by 
weight (4, 14), is partly embedded in the endosperm at the base of the 
kernel. It is rich in oil and protein. The embryo is composed of two 
major parts, the embryonic axis which at germination develops into 
the seedling, and the scutellum which nourishes it. In some literature 
references the term embryo is used inexactly to mean only the embry 
onic axis. The embryonic axis is composed of the shoot (plumule) 
pointing toward the brush end of the grain and the primary root point 
ing toward the base (Fig. 6). Protective sheaths cover these delicat« 
parts; the coleoptile sheathes the plumule; the coleorhiza covers the 
primary root (Figs. 6, 8, 10). Already differentiated in the plumule are 
several foliage leaves that surround the growing point of the stem. The 
parts of the primary root are well defined. Two pairs of secondary 
rootlets have been formed, but because of their lateral position they 
are not visible in a median longisection of the kernel cut parallel to 
the crease. The lower pair of roots shows clearly in a_ transection 
through the embryo (Fig. 9). Resumption of growth of the partially 
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Fic. 11. Kernels cut parallel with the crease to 
(11X). A, durum, Ste wart 
winter, Pawnee 


show texture of endosperm in four classes of wheat 
21. B, soft red winter, Trumbull. €, 


hard red spring, Mida. D, 
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developed plumule and primary and lateral roots produces the stem, 
leaves, and part of the root system of the wheat seedling. 

Attached to the side of the embryonic axis nearest to the endosperm 
is the shield-shaped cotyledon or scutellum of the embryo (Figs. 6, 8). 
Its convex lace is embedded in the endosperm; its slightly concave sur- 
lace partly encloses the embryonic axis. 

Opposite the scutellum, on the other side of the embryonic axis, 
there is a small scalelike outgrowth, the epiblast (Fig. 6). According to 
(very (1) it has litthe morphological significance. 

The parts and tissues of the wheat kernel and their relationships to 
each other are summarized in Table I. 


Condition of Kernels in Commercial and Pure Samples 


Any careful consideration of the relationship of structure of the 
kernel to absorption or loss of water or to storage without molding 


I ABLE I 
Panis oF tHe AND Turik Recationsuips ro Orner 
Pericarp (fruit coat) 
Outer 
1. Epidermis (epicarp) 
2. Hypodermis 
%. Remnants of thin-walled cells 


Wheat Inner 
kernel - 1. Intermediate cells Bran 
(carvopsis) >. Cross cells 


6. Tube cells 


Seed coat (testa, spermoderm, tegmen) 
and pigment strand 


Nucellar layer (hyaline layer, perisperm) 
and nucellar projection 


Seed Endosperm 
Aleurone \ 


2. Starchy endosperm 


Scutellum (cotyledon) 
1. Epithelium 
2. Parenchyma 
3. Provascular tissues 


Plumule, covered by 
coleoptile 


Germ — —Embrvonic axis Primary root, covered 
(embrvo) by coleorhiza 


Secondary lateral 
~Epiblast rootlets 
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PABLE II 
CONDITION OF KERNELS IN FOURTEEN SAMPLES OF WHEAT" 


Five Anerrkany sep in CLASSIFICATION 


DESCRIPTION Pericarp and Pericarp Pericarp with 
or Samere” Kernels Pieces of Seed Coat Severely Slight Break~ 
Shrunken Kernels Broken ‘ Broken or None 

Composite samples 

from terminal 

markets, Grade 1, 

dockage-free 

DHW 1949 

DHW 1951 

DHW 1951 

DHW 1951 

DHW 1951 

DHW 1951 

HW 1949 

HW 1951 

YHW 1949 


Pure samples 
Pawnee 
Grade 2. 1949 5. 18.2 14.2 63.0 
Certified 1950 a ». 16.2 9.6 66.8 
Pure 1952 : . 18.0 22.0 57.0 
Pure 1952 ! 9.2 21.6 16.6 52.2 


® Number of kernels examined: commercial samples, 300; Pawnee wheat samples, 500. 
© DHW, dark hard winter; HW, hard winter; YHW, vellow hard winter. 


Endosperm and or germ showing 


must recognize the fact that many kernels of commercial lots of wheat 
have breaks in the protective coats. The importance of embryo ex- 
posure has been studied by Mead et al. (19). Some indication of the 
amount of mechanical injury suffered by domestic wheat before it 
reaches the market is given in Table II. 

The data show that 25-73°;, of the kernels of commercial lots of 
wheat had endosperm and/or germ exposed in consequence of me- 
chanical injury to the pericarp and seed coat. As would be expected, 
the percentage of similarly damaged kernels was found to be smallei 
in pure samples that were obtained chiefly from State Agricultural Ex- 


periment Stations. The germ end of the grain is particularly vulnerable 


because of the protruding germ tip. Mead et al. (19) reported a direct 
relationship between the length of projection of the embryo and the 
amount of mechanical damage done to the embryo. 


Discussion 
Consideration of the gross structure of the wheat kernel shows why 
certain difficulties are encountered in cleaning, tempering, and mill- 
ing wheat. The presence of the crease in the kernel adds materially to 
the task of cleaning the grain. As pointed out by Miller (20), in many 
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varieties the flanks of the crease are usually net separated trom each 
other as seen in a water-mounted section (Fig. 7), but lie close together. 

Successful tempering of the grain is related to the structure of the 
various layers covering the endosperm, because toughness of bran and 
mellowness of endosperm are dependent upon the entrance and the 
proper distribution of moisture. The relation of structure to water ab- 
sorption will be discussed in Part Il (page 357), alter the structure ol 
the protective coats has been described in detail (5). 

The gross structure of the kernel suggests one reason why the sepa- 
ration of bran from the starchy endosperm is difhcult. There ts no 
natural line of cleavage between the inner laver of the bran (aleurone 
layer) and the starchy endosperm. In tact, the aleurone layer, since it is 
the outermost cell-layer of the endosperm, is an integral part of that 
central body and ts intimately joined to the starchy endosperm cells. 
More knowledge of the microscopic structure of the kernel in- this 
critical area might lead to improvements in milling methods and con 
sequent higher extraction of white flour, 

The percentage of flour extraction has been thought to be influ 
enced by the percentage volume of starchy endosperm, which in turn 
is affected by size and shape of grain, thickness of bran, and size of 
germ (2). Shellenberger and Morgenson (23) studied bran thickness 
and flour yield of four varieties of hard red winter wheat. They re- 
ported slight but significant differences in thickness of the bran laye1 
but no correlation between bran thickness and flour yield. Crewe and 
Jones (8) measured bran thickness of three types of wheat and con- 
cluded that all had brans of similar thickness. According to Larkin ef 
al, (16) there appears to be no relation between thickness of either the 
entire bran or of any one of its various layers and the milling quality 
ol the Pacific Northwest wheats. 

Embryo exposure resulting from injuries received by the grain dur- 
ing harvesting and subsequent handling increases the chances for dam- 
age by mold growth during storage (19, 24). Exposure of the embryo 
and or endosperm may also cause lack of uniformity in the response of 
individual kernels to tempering. Jones and Baker (15) found that 
wheats with a high percentage of grains with exposed germs produced 
more foam during washing than did those with a low percentage. 
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STRUCTURE OF THE MATURE WHEAT KERNEL 
II. Microscopic Structure of Pericarp, Seed Coat, and Other Coverings 
of the Endosperm and Germ of Hard Red Winter Wheat! 


DorotHuy BRADBURY, M. M. MAcMAsters, AND IRENE M. 


ABSTRACT 


From the outside inward, the pericarp of hard red wheat is composed of 
epidermis, hypodermis, thin-walled cells, intermediate cells, cross cells, and 
tube cells. The cuticularized epidermis and the hypodermis of 1-2 cell-lavers 
form a compact outer covering, the beeswing. The region of crushed and 
fragmentary thin-walled cells affords a pathway for quick movement of wa 
ter. In this region mold hyphae are usually present. Intermediate cells are 
largely confined to the brush and germ ends of the kernel; tube cells to the 
back surface. Over most of the kernel, cross cells are closely joined. Inter- 
mediate cells, cross cells at the germ and brush ends of the kernel, and tube 
cells form porous tissues because of many intercellular spaces. These tissues 
connect with a spongy parenchyma tissue in the attachment region at the 
base of the kernel and provide an easy route for rapid movement of water. 

Interior to the pericarp lies the cuticularized seed coat joined with a 
corky pigment strand that runs the length of the crease. Together they cover 
the endosperm and germ. A second covering is provided by the nucellar epi 
dermis joined with a nucellar projection that parallels the pigment strand 


The pericarp, seed coat, pigment strand, nucellar epidermis, and 
nucellar projection enclose the endosperm and germ of the wheat ker- 
nel. Together they form about one-half of the bran. Because of thei 
location and structure they give mechanical protection, affect the ab- 
sorption and loss of water and solutes, and hinder to some extent the 
penetration of molds. 

The significance of the structure of these parts of the kernel to mill- 
ing problems lies chiefly in the way it affects absorption of water and its 
passage into the endosperm during tempering and conditioning. The 
structure facilitates separation of large flakes of bran from the endo- 
sperm and germ. Characteristics influencing water absorption are also 
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important to problems connected with the drying of grain. 
A glossary of botanical terms used in this paper is given following 
Part IV, p. 390. 


Materials and Methods 


Mature hard red winter wheat, Pawnee variety, 1949 and 1950 crop 
years, was used. The preparations varied with the tissue studied and 
the information sought. 

Frozen Material. Air-dry kernels were steeped in water and sec- 
tioned at 20-40 » on the freezing microtome. The sections were usually 
stained with 0.1°; Congo red in an aqueous solution buffered to pH 8 
with phosphate buffer (Figs. 1, 16, 17, 19, 23, 25, 38). Preparations for 
Figs. 18 and 22 were stained with Sudan black B and Sudan IV respec- 
tively. Sections were mounted in the stain, in the buffer solution, in 
water, or in glycerol; the mounting medium had little effect on the 
appearance of the sections. 

Paraffin-Embedded Material. Much of the material was prepared 
for fixation by steeping the kernels in water at 8° C. for 24-48 hours 
and then slitting the cheeks with a razor blade. Two methods of fixa- 
tion and dehydration were commonly employed: 1. Material was fixed 
in a solution composed of 90 ml. 70°, ethanol, 5 ml. glacial acetic acid, 
and 5 ml. formaldehyde (37-40°,). The fixed material was dehydrated 
by a gradual ethanol-chloroform schedule. Paraffin infiltration was ac- 
complished in 5-6 weeks. 2. Material was fixed, dehydrated, and em- 
bedded according to the Craf fixation and dioxane-normal butyl alco- 
hol schedule given by Sass (30). 

To facilitate sectioning, blocks trimmed to expose the tissue were 
soaked in a mixture of 20 ml. glacial acetic acid and 80 ml. 60°; 
ethanol (11) for 3—5 days, then kept in an atmosphere of 100°, relative 
humidity for 2 days at room temperature and 2-4 days at 8° C. Sections 
were cut 10-14 » thick. Untrimmed blocks that had been in water for 
5 years cut much more easily and gave better sections. 

Some sections were stained with safranin and fast green (Figs. 24, 
26, 27); others with Bismarck brown and fast green (Figs. 35, 36); a few 
with Sudan black B (Fig. 30). Sections for Figs. 2, 10, 21, 28, 29 were 
stained by an iron alum-haematoxylin schedule. The sections were 
mounted in balsam, with the exception of the one for Fig. 30 which 
was mounted in glycerol. Cell walls are thinner in sections mounted in 
balsam, which requires a preceding dehydration, than in those mount- 
ed in glycerol or in aqueous solutions. 

Dissected Material. Many preparations were made trom tissues dis- 
sected from the kernel or obtained by special treatment. Kernels were 
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soaked in solutions of sodium or potassium hydroxide to facilitate 
separation of the layers of the pericarp (Figs. 3, 7-9, 11, 20, 51, 39). 
Alkaline solutions cause some swelling of the cell walls and tissues. 
Many preparations of the seed coat were made trom kernels placed 
in 54°, sulfuric acid after removal of one end. A month later the sac 
like remains, composed of seed coat and pigment strand, were washed 
in water and preserved in 70°, ethanol until mounted (Figs. 34, 37). 
Figure 34 was stained with basic fuchsin; Fig. 37 with Sudan black B. 
For Figs. 32 and 33, 30, sections of fresh material were treated with 


oe 


72°, sulfuric acid for 4-6 days. The preparation lor Fig. 52 was stained 
with crystal violet and Congo red; that for Fig. 33 was treated with 
Clorox, washed, and stained with Sudan black B. 

Some parts were dissected from kernels that had been soaked in 
water at room temperature for | to a lew hours (Figs. 4, 6, 12-15). Figs. 
} and 14 were stained with Congo red; Figs. 12, 15, and 15 with Bis 
marck brown; Fig. 6 with todine-potassium todide solution. 

Cells pictured in Fig. 5 and in Fig. 12 inset were obtained trom 
tissues immersed 5-8 hours in Jeffrey's fluid (10°, aqueous chromic 
acid and 10°, aqueous nitric acid solutions, 1:1), washed thoroughly, 
and stained with Bismarck brown. 

Histochemical Tests. The substances tested lor and the stains and 
reagents used are listed. |. Fats and suberized or cutinized membranes: 
saturated 70°, ethanol solution of Sudan IV or Sudan black B tor 20 
minutes; 50°) ethanol to rinse; glycerol for mounting. 2. Cellulose: 
iodine-potassium iodide solution followed by 72°, sulfuric acid. 3. Lig 
nin: solution made on the slide by pulverizing a small crystal of phloro 
glucinol in concentrated sulfuric acid. 4. Pectic material: dilute aque 
ous solution of ruthenium red (approximately 1: 10,000; distilled water 
added to a few crystals to give a clear reddish-pink solution); water fon 
washing alter 20 minutes, glycerol for mounting. 5. Tannins: 10°, 


aqueous ferric chloride solution plus a little sodium carbonate. 


Microscopic Structure 

The descriptions of Pawnee wheat have been supplemented by ob- 
servations of other workers on various wheat varieties. Common varie- 
ties of wheat are similar in the structure of most parts. A marked difter- 
ence exists, however, between the seed coats of red and white wheats 
(19 and others). 

The pericarp completely encloses the seed. From the outside inward 
the pericarp consists of the following tissues: epidermis, hypodermis, 


thin-watied cells, intermediate cells, cross cells, and tube cells. Inward 
from the pericarp the seed coat and pigment strand and the nucellar 
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epidermis and nucellar projection cover the seed and surround the en- 
dosperm and germ. Some of the tissues are shown in Figs. | and 2. The 
cells composing the pericarp tissues contain only remnants of the cell 
contents. 

Epidermis and Hypodermis. The epidermis and hypodermis make 
up the outer pericarp (beeswing) (see Part 1). The epidermis is a single 


Fics. 1 to 7. Figs. 1 and 2 Transection and lougisection through pericarp and adjacent tissues. Ep, 
epidermis: Hp, bypodermis; CC, cross cell; TC, tube cell; SC, seed coat; NE, nucellar epidermis; Al, 
aleurone laver: E. starchy endosperm (200%). Fig. 3 Surface view of epidermal cells (200%). Fig. 4 
Stoma in epidermis: S, stomatal opening (600). Fig. 5 Isolated cells of outer pericarp (200%). Fig. 
o Hair of brush (200%). Fig. 7 Mold hypha on inner surface of outer pericarp (250%). 
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layer of cells that forms the outer surface of the kernel except over the 
basal area, along which it was formerly united with the parent plant 
(the attachment region). Directly inward from the epidermis is the hy- 
podermis which, in Pawnee wheat, is composed of one or occasionally 
two layers of cells. Most of the ovter pericarp cells are elongate but 
many at the brush end are nearly as wide as they are long. The cells 
are closely joined without intercellular spaces and they are arranged 
end-to-end with their long axes parallel to the length of the kernel (Fig. 
3). Dimensions given for epidermal cells by Percival (28) are 125-210 » 
by 25-30 yw; those given by Vogl (36) are 80-300 » by 28-18 yp. 

Walls of epidermal and hypodermal cells are thickened. Some re 
ported thicknesses are: 5-7 » (28) and 3-4 » (36). In a surface view ol 
the tissues the side and end walls appear beaded because many thin 
areas, or pits, are present in them (Fig. 3). End walls are transverse or 
oblique and are thinner than the side walls. Between adjacent cells, 
walls parallel to the surface of the kernel have smaller, more scattered 
pits (Fig. 5) than do the other walls. 

On the outer walls of the epidermal cells of Pawnee wheat there is 
a thin, relatively water-impervious cuticle that is especially delicate 
over the germ or embryo and tor a short way from it toward the brush. 
Breaks may be present in the cuticle as a result of mechanical injury. 

The thickness of the outer pericarp was measured in wet-mounted 
sections of Pawnee wheat kernels. For each of ten kernels a measure- 
ment was taken on the dorsal surtace, side, cheek, and crease region of 
a transection through the middle of the kernel; on the dorsal surface 
of a transection through the embryo; and at three points on the dorsal 
surface of a longisection. The mean of 80 measurements was 54 p». The 
thickness varied greatly on each kernel, but was unrelated to location 
on the kernel. The variations in thickness appeared to be related to the 
amount of compression rather than to differences in number of cell 
layers. Epidermal and hypodermal cells were sometimes so compressed 
that their cavities were barely evident. Data of Larkin et al. (21) show 
that the mean outer pericarp thickness of three varieties of soft and 
semihard Pacific Northwest wheats was 28.8 », 33.5 p, and 29.5 ». The 
authors stated that the outer pericarp was thickest toward the brush 
end but otherwise approximately uniform in thickness. 

Stomata are sometimes present in the epidermis on the flanks of the 
crease; they are most plentiful near the brush end of the kernel (Fig. 4). 

At the apex of the kernel many of the epidermal cells are modified 
to form the hairs that make up the brush. According to several authors 
(e.g., 28, 36) some hairs are | mm. long, but most are half that length, 
and some are as short as 120 » (24). The hairs are bulbous at the base 
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and taper to the tip (Fig. 6). They are straight or curved. The thickness 
of the wall usually exceeds the diameter of the lumen or cell cavity, 
except in the bulbous base where the diameter of the cavity is often as 
great as or greater than the wall thickness. Some reported extremes 
of wall thickness are 3 » and 9.5 y; of the lumen diameter, 1.5 » and 
6 (35, 36). 

Thin-Walled Cells. Inward trom the hypodermis lie remnants olf 
thin-walled cells. When the outer pericarp is peeled from a_water- 
steeped kernel of Pawnee wheat, some of these are present on its inner 
surface. The remnants are more abundant near the brush end than on 
other parts of the outer pericarp. Some early authors called these paren- 
chyma cells, but Winton and Winton (38) considered them to be col- 
lapsed inner cells of the hypodermis. Whatever their origin, these cell 
remnants facilitate movement of water and favor the separation of the 
outer from the inner pericarp. Fungal hyphae are commonly found in 
abundance between the outer and inner pericarp (Fig. 7). Judging from 
what has been reported by Christensen (7), the majority of them are 
probably dead. 

Intermediate Cells. In some areas of the kernel, especially at the 
brush end and in the vicinity of the germ, intermediate cells (35) lie 
just beneath the remnants of the thin-walled cells. Winton and Winton 
(38) described and figured these irregularly shaped cells, but many in- 
vestigators have made no mention of them. 


In both the brush and germ areas the intermediate cells are some- 
what flattened and are joined to each other by their projections to 
form a rather open tissue (Figs. 13-15). The walls between adjoining 
cells are pitted. 

The intermediate cells near the embryo possess many projections by 
which they are united with other intermediate cells and with cross 
cells (Fig. 15). More than one layer of intermediate cells was observed 
over the edge of the germ in Pawnee wheat kernels. 

Cross Cells. Over most of the kernel’s surface a layer of cross cells 
lies directly interior to the remnants of thin-walled cells. Cross cells 
are elongate and are closely joined side by side to form rows that run 
lengthwise of the kernel (Fig. 8). The long axes of the cells run per- 
pendicular to the long axis ot the kernel; hence, “cross cells.” Inter- 
cellular spaces are small or lacking. Some remnants of the former cell 
contents are often conspicuous in stained pieces of the tissue. 

Cross cells are shaped like tubes that have become slightly flattened 
by compression; consequently they are often somewhat rectangular in 
cross section (Fig. 2). According to Percival (28), these cells are about 
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Fics. 8-13. Fig. 8 Surface view of cross cell laver (100%). Fig. 9 Detail of Fig. 8; note pitted 


walls and intercellular space (1000). Fig. 10 Cross cells showing face view of pitted walls (500). 
Fig. 11 Tissues from over embryo: cross cells running horizontally, tube cells running vertically (200). 
Fig. 12 Tissues from over edge of embryo; cross cells of common type at left, of irregular type at right 


(159%). Insert shows two enlarged cross cells of irregular type; two tube cells in background (200%). 
Fig. 13 Intermediate cells at brush end of kernel: cross cells in background (300%). 


100-150 » by 15-20 ». Some investigators report extreme lengths of 
200-300 » (e.g., 35, 36). The average thickness of cross cells of Pawnee 
wheat on the sides, cheeks, and flanks of the crease in about the middle 
of the kernel was found to be 10.1 ». A few measurements of cross cells 
on the back surface in the middle of the kernel and over the embryo 


ase 
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indicated that the cells were about 50°, thicker on the back surlace. 
Alexandrov (1) has pointed out the difference in the shape of indi- 
vidual cross cells in different parts of the kernel of club wheat. He 
noted that the cells were long and not very thick on the sides of the 
kernel where filling of the endosperm had exerted the greatest pressure; 
and that the cells were shorter, thicker, and more bent on the back 
surface where the pressure had been less. Kudelka (20), describing the 
rye kernel, called attention to similar differences in the appearance of 
cross cells in well-filled kernels and in those not well filled. 

The side and end walls of cross cells have pits similar to those in 
comparable walls of epidermal and hypodermal cells (Figs. 9, 10). The 
end walls are thinner than the side walls. 

The cross cells near the brush end of the kernel and those that lie 
over the lower part of the embryo are shorter, more irregular in shape, 
and more loosely arranged (Fig. 11, inset Fig. 12). Numerous intercellu- 
lar spaces are present. There is an abrupt transition at the edge of the 
germ from the common type of cross cell to the irregular type (Fig. 
12). The knoblike projections on the walls of these cells are conspicu- 
ous and are characteristic of cross cells from the germ area. Such pro- 
jections are seldom seen on the outer walls of compactly arranged 
cross cells. 

An apparent doubling of the cross cell layer in small areas was ob- 
served occasionally near the dorsal surface at the brush end and on the 
flanks of the crease. Both Moeller (24) and Vogl (36) referred to a dou- 
ble layer of cross cells, but their descriptions suggest that the second 
layer might have been composed of intermediate cells. Winton and 
Winton (38) considered the scattered groups of intermediate cells to be 
remains of an outer cross cell layer. 

Tube Cells. Cells of the inner epidermis of the pericarp persist in 
recognizable form in only a restricted area of the kernel. Because ol 
their long, more or less cylindrical shape they are known as “tube 
cells.” They, like the epidermal and hypodermal cells, run parallel to 
the long axis of the kernel. In Pawnee variety tube cells occur in a 
narrow band up the back of the kernel where they gradually spread 
toward the sides near each end. They are present at the base all over 
the inner surface of the pericarp around the protruding tip of the 
germ. Under the brush, also, they are present all over the inner surface 
of the pericarp. 

The tube cells are knobby in outline and are usually joined in only 
a lew places where projections of adjacent cells touch (Fig. 20). The 
cells are often separated trom each other by wide intercellular spaces. 
The walls are pitted and thinner than walls of cross cells. Percival (28) 
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gave the dimensions of tube cells as 120-250 » by 12-15 yp. According 
to Moeller (24) and Vogl (36), some are 300 » long. Tube cells at the 
ends of the kernel are shorter than those in the middle (see Figs. 11, 20). 

The foregoing descriptions apply to the tissues of the pericarp over 


Fics. 14-21. Figs 14 and 15 Intermediate cells from brush end and from over embryo (200%) 

Fig. 16 Longisection of vaseular bundle in crease region showing xylem elements (at arrow} (200%) 

Figs. 17, 18, and 19 ng of brush end of kernel: Fig. 17, perpendicular to crease (35%): Fig. 

18, parallel to crease 19, parallel to crease (35%). S, base of stvle: PP. projection of peri- 

s Se ure of fruit coat; Pk, peak of seed coat. Fig. 20 Surface view of tube 

celle on back of kernel: cross cells in background (200%). Fig. 21 Transection of kernel in crease 

region (150%). MAI, modified aleurone layer; NP, nucellar projection; PS, pigment strand; SC, seed coat; 
VB, vascular bundle; P, pericarp; A, air space; Al, aleurone layer. 
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the greater portion of the kernel. Variations in the form and structure 
of the pericarp in a lew special regions should be noted. 

Periarp at Brush End. Neary the brush on the back of the kernel 
there is usually an air space between the outer and inner pericarp (Part 
I, Fig. 6 (2)). This space is perhaps caused by shrinkage of the kernel 
as itdries during ripening. Remnants of the bases of the two styles are 
present among the hairs of the brush (Fig. 17). There is a slight eleva- 
tion of the pericarp at the margin of the brush (Fig. 17). At a right 
angle to the section shown in Fig. 17, a longisection cut parallel to the 
crease (Fig. 19) passes through the base of one style and through the 
margin of the brush on the back surface. The peak of the seed coat and 
the suture which was formed where the fruit coat closed over the de- 
veloping seed are seen in a longisection cut between the two styles and 
parallel to the crease (Fig. 18). 

Pericarp in the Crease. The thickness of the pericarp at the bottom 
of the V-shaped crease and the characteristic air spaces formed in this 
tissue during maturing of the grain are shown in Fig. 21. A vascular 
bundle runs through the pericarp tissue from near the tip of the pig- 
ment strand to the very base of the kernel (Fig. 21, VB). Xylem ele- 
ments with ring and spiral wall-thickenings are conspicuous in this 
bundle throughout most of its length (Fig. 16). 

Pericarp at Base of Kernel. Near the base ol the kernel, below the 
end of the pigment strand, the pericarp is thicker than elsewhere. The 
parenchyma tissue in this region (Figs. 22, 24) is composed of many- 
sided cells that are joined to each other by short tubular projections 
(Fig. 26). Many intercellular spaces are present. Mold hyphae are often 
present in this area (Fig. 25). A surface view of a wall between paren- 
chyma cells shows thin areas which appear unstained (Fig. 27). 

The vascular bundle in this basal region has pitted (Fig. 28) as well 
as spiral xylem elements (Fig. 29). The pitted elements are especially 
abundant near the ragged surface that marks the attachment region, 
the place where the kernel was attached to the stem. 

The epidermis of this basal region is distinctive in appearance be- 
cause the cells are about equal in length and diameter (Fig. 25). The 
attachment region is not covered by an epidermis (Fig. 22), and the 
walls of its cells do not stain with Sudan IV. 

Seed Coat and Pigment Strand. Vhe seed coat and pigment strand 
together form a complete coat about the seed (Part I). The pigment 
strand runs the length of the crease. Early in the developmental history 
of the seed, when the ovule is small, this strand of tissue is much short- 
er than it is in the mature kernel; its cells ansport water and nutri- 
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Fics. 22-29. Fig. 22 Median longisection parallel to crease, at base of kernel (100%): PR, primary 
root; Cr, coleorhiza; Se, scutellum; PS, pigment strand; Pa, parenchyma; VB, vascular bundle; AR, at- 
tachment region. Fig. 23 Short epidermal cells at base of kernel (200%). Fig. 24 Transection at level 
indicated by dotted line in Fig. 22 (93%): TC, tube cells; rest of code as in Fig. 22. Fig. 25 Mold 
hyphae near base of kernel (400%). Fig. 26 Parenchyma tissue of Fig. 24 enlarged (200%): cells are 
joined at projections (arrows). Fig. 27 Pitted area of wall of a parenchyma cell (400%). Figs. 28 and 
29 Pitted and spiral xylem elements from vascular bundle near base of kernel (500%). 


ents to the growing seed from the vascular bundle in the pericarp. As 
the seed matures the cells of both seed coat and pigment strand become 
filled with an oily material (29) or a corky substance (19). The resist- 
ance of the seed coat and pigment strand to sulfuric acid has been con- 
sidered by several authors to be an indication of their corky nature. 
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According to Krauss (19), a cutinized wall layer surrounds the corky 
material in the cells of the pigment strand of Trubilo wheat; the cuti- 
nized layer is in turn surrounded by an outer lignified layer. 

The pigment strand of Pawnee wheat is composed of cells that are 
slightly elongated parallel to the long axis of the kernel. In cross sec- 
tion they are irregular in outline and fitted together somewhat like the 
parts of a jigsaw puzzle (Fig. 21). They contain a golden-brown pig- 
ment, and the intercellular wall substance gives a strong positive test 
for lignin. The pigment strand is not destroyed by treatment with 
54°) sulfuric acid for a month or with concentrated sulfuric acid for 
1 days. 


The seed coat of Pawnee wheat is similar in structure and composi- 
tion to that of the red Trubilo variety described so fully by Krauss (19). 
The seed coat is located between the pericarp and the nucellar epider- 
mis (Figs. 1, 2) and is firmly joined to either tube cells or cross cells on 
the outside and to the nucellar epidermis on the inside. With proper 
staining and magnification, three layers can usually be discerned in a 
section through the seed coat: a thick outer cuticle, a “color layer’’ that 
contains pigment, and a very thin inner cuticle. The inner cuticle may 
be so fused with the color layer in some places that it is undetectable. 
In the preparation for Fig. 30, the two cuticles were heavily stained by 
Sudan black B; this indicates a content of suberin or cutin. Brown (6) 
described the seed coat of wheat as a mucilaginous layer covered by a 
thin inner and a thicker outer cuticlelike layer. Shetlar (32) concluded 
from microcheniical tests that the seed coat was cutinized rather than 
suberized. 

A fourth extremely thin layer lies between the outer cuticle and the 
color layer. It is best observed when sections through the seed coat are 
treated with ruthenium red, or with iodine-potassium iodide solution 
followed by 72°, sulfuric acid. The layer gives a positive test for both 
pectic material and cellulose. ‘The color layer of Pawnee wheat, unlike 
that of the Trubilo variety (19), gives a slight test for tannins. 

The structure of the color layer can be observed when the seed coat 
is viewed from the surface or when it ts treated with sulfuric acid. 
Many investigators have established that the seed coat is derived solely 
from the inner of the two integuments that cover the ovule (lorerunner 
of the seed). This inner integument is composed of two layers of cells 
which, in an altered and compressed condition, form the color layer of 
the seed coat. Most cells of each layer are elongated and have blunt 
pointed, oblique, or truncate ends. The cells of the two layers cross 
each other at an angle of less than 45°. A surface view of the seed coat 
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Fics. 36 39. Fig. 30 Seed coat and adjacent tissues in longisection through cheek of kernel (1000) 
OCa, outer cuticle: C. color laver: ICu, inner cuticle. Fig. 31 Surface view of seed coat and adjacent 
lavers (150%): Outer cuticle rolled back at arrow; cells of color laver seen through cuticle at X: cuticle 
removed at Y. Figs. 32 and 33 Seed coat separated into two membranes by acid: Fig. 32, PS, pigment 
strand (150): Fig. 33, M. micropylar area (surface view) (250%). Fig. 34 Outer membrane of acid- 
treated seed coat: edge rolled back at top to show projections outlining pattern of cells of color layer 
(500%). Figs. 35 and 36 Sections through seed coat, SC (600%): Fig. 35, near pigment strand; Fig. 36, 


side of kernel. Outer cuticle light. Fig Outer membrane of micropylar area of acid-treated seed coat; 


margin of the thick part of the outer cuticle at arrow; membrane stained with Sudan black B (250) 
Fig. 38 Nucellar epidermis, NE, in longisection through erease region (400%). Fig. 39 Surface view 
of nucellar epidermis (100%) 


(Fig. 31) shows the outer transparent cuticle rolled back (at arrow) and 
the crossing layers of cells, covered by the cuticle at X and with cuticle 
removed at Y. Percival (28) stated that the cells are 100-150 » by 15- 
20 w. Vogl (36) reported a width of only 9-12 ». The average dimen- 
sions of cells of the seed coat of Pawnee wheat (determined from 75 
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measurements in one kernel) were 116 ,» by 20 » for the outer layei and 
191 » by 18 » for the inner layer. The longest cells were about twice as 
long as the shortest. 

When the seed coat is left in sulfuric acid for some time it separates 
into two membranes (Figs. 32, 33). This separation is brought about 
by the hydrolysis of the outer walls of the outer cell layer (19). These 
walls comprise the thin pectic and cellulosic layer previously men- 
tioned. The outer membrane is merely the outer cuticle, although it 
appears cellular because its under surface projected into the slight in- 
dentations located at the boundaries of the underlying cells. The pro- 
jections can be seen on the rolled-back edge of the outer membrane 
(Fig. 34). Krauss (19) reported grooves rather than projections. On this 
membrane, a crossing layer of cells is suggested by adhering remnants 
ol walls of the cross cells of the pericarp (Fig. 34). According to Krauss 
(19), these remnants are lignified. In Pawnee wheat, no positive test Lon 
lronin was obtained on the outer surlace of the cuticle of the seed coat, 
although walls of cross cells gave a positive test. 

soth the outer cuticle and the seed coat as a whole vary in thick- 
ness in different parts of the kernel. Judging from averages of measure- 
ments in eight kernels of Pawnee wheat, in six areas ol transections and 
in four areas of longisections, the thickness of the outer cuticle is about 
2-1 » and olf the seed coat about 5-8 ». Larkin et al. (21) reported the 
thickness of the seed coat (spermoderm) to be 1.5-3.5 p, but actuall 
these are figures lor the thickness of the outer cuticle. Both outer cuti- 
cle and entire seed coat are thickest near the pigment strand in the 
crease region, at the apex of the kernel below the styles, and at the 
base ol the kernel near the juncture of coleorhiza and scutellum. Thick 
and thin areas of the seed coat are shown in two successive transections 
ol the same kernel: one in the crease near the pigment strand (Fig. 35), 
the other along the side of the kernel (Fig. 36). Pugh et al. (29) stated 
that the outer cuticle is thinnest over the embryo. Larkin et al. (21) re- 


ported variation in the thickness of the outer cuticle (called spermo- 


derm by them) from 1.5 » to 3.5 p. 

The lorcgoing description applies to all parts of the seed coat except 
the micropylar area. At the time of fertilization of the wheat flower the 
two-layered inner integument covers the tip of the ovule (forerunner ol 
the seed) except lor a small canallike opening. The opening leads 
through the integument from the cavity in which the ovule develops 
to the central body (nucellus) of the ovule. Through this opening, 
known as the micropyle, the pollen tube enters. 

‘Two publications (19, 29) give detailed descriptions of the seed coat 
in the micropylar area. The exact structure of tissues in this region is 
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difhcult to determine because they shrink during drying of the grain. 
The authors of the two articles were aided in their interpretation of 
the structure by a study of the immature kernel in which tissues are 
less compressed and shrunken. According to Krauss (19), by the time 
the kernel of a red wheat, Trubilo, is 5 mm. long the cuticles of the 
inner integument (which later becomes the seed coat) have dissolved in 
the area about the micropyle. This area without cuticles has a diame- 
ter of over 82 y. In both layers of the inner integument the cell cavities 
are filled with fatty or corky material. The swollen mass of the embry- 
onic appendage (which forms the tip of the root sheath) is the part of 
the embryo that lies nearest to the micropylar region of the seed coat. 
Relerence will be made in Part IV to the possible significance of this 
condition (3). Krauss (19) stated that in the ripe kernel the micropylar 
region of the seed coat joins, on the inside, the nucellar epidermis, 
whose walls are partly lignified and partly impregnated with corky 
material. 

The following description of the seed coat in the micropylar region 
summarizes that of Pugh et al. (29). At the micropyle the color layer 
of the seed coat turns outward and folds back upon itself. The margin 
of this folded-back portion joins the thick outer cuticle of the seed 
coat. There is, consequently, a somewhat circular area covered by a 
double color layer. The diameter of this area is approximately 100 , 
(from Pugh’s figures). The thin inner cuticle of the seed coat is prob- 
ably present over the surface of the folded-back portion of the color 
layer. 

The descriptions of Krauss and Pugh et al., though of different 
wheats, are in agreement as to the absence of a heavy outer cuticle over 
the seed coat in the micropylar region. Pugh et al. said that a thin 
outer cuticle is probably present there; Krauss reported that the seed 
coat in that region is completely uncutinized. 

In unstained longisections of mature kernels of Pawnee wheat 
the micropylar area can be recognized as a caplike region composed of 
cells that are less compressed and more deeply pigmented than those in 
other areas of the seed coat. The thick portion of the outer cuticle ter- 
minates abruptly (Fig. 37). A very thin cuticle covers at least part of the 
remaining micropylar area. The heavily pigmented cells of the color 
layer made observations in this region difficult. No tissue interior to 
the seed coat gave a positive test for lignin. 

Nucellar Epidermis and Nucellar Projection. The nucellar epider- 
mis (hyaline layer) lies between the seed coat and the aleurone layer 
and is closely united to both. In the immature seed it is the outermost 
layer of the nucellus, the central body of the ovule. During maturation 
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ol the ovule into the seed the embryo and endosperm develop within 
the nucellus and use its tissue for their own nutriment. Eventually only 
the epidermis of the nucellus and a band of cells (Fig. 21, NP) that 
runs parallel to the pigment strand remain. Pugh et al. (29) considered 
this band to be “compressed remains of nucellar tissue which did not 
disintegrate during the process of maturing.”” Krauss (19) called this 
band of tissue the “nucellar projection.” 

The nucellar epidermis is so compressed during the filling of the 
endosperm with starch that its cellular nature is rarely apparent in 
trans- or longisections of the kernel. The walls are closely pressed to- 
gether, practically obliterating the cell cavities. In the crease region, 
however, the cells are less compressed, and their outlines are sometimes 
fairly clear (Fig. 38). A surface view of the layer indicates its cellular 
structure more clearly (Fig. 39). 

Krauss (19) reported that the nucellar epidermis is present over the 
entire kernel of Trubilo wheat. She stated that over the embryonic 
axis it is a thin, homogeneous, pectin-containing layer; over the scutel- 
lum and endosperm it is a thicker, hyaline, cellulosic layer. According 
to Fairclough (9) the nucellar layer “seems to surround the whole of 
the grain except for the greater part of the germ.” He observed that, 
in a longisection of the kernel, the layer becomes thinner at the upper 
tip of the germ and then extends down over six to twelve of the small 
aleurone cells. In the present study of Pawnee wheat the nucellar layer 
was not detected over the embryo. 


Significance of Structure 


Absorption of Water and Solutes. The structure of the pericarp and 
of the seed coat throws much light on the probable path taken by wa- 
ter as it enters an immersed kernel. The only part of the kernel not 
covered by @ cuticle is the attachment area at the base. In uninjured 
kernels only this area permits immediate and rapid entrance of water. 
Not only is the attachment region without a cuticle, but its parenchyma 
tissue contains many intercellular spaces. Rapid movement of water 
undoubtedly occurs from this spongy tissue upward through the peri- 
carp in the area of thin-walled cells. Another pathway for quick move- 
ment of water is formed by the labyrinth of intercellular spaces among 
intermediate, cross, and tube cells over the lower part of the embryo 
and among cross and tube cells along the dorsal surlace of the kernel. 
On the crease side the spongy parenchyma connects with the pericarp 
tissue in the V of the crease and consequently with the relatively large air 
spaces which were formed there during maturation of the kernel. Walls 
of the pericarp cells imbibe water readily, thus increasing absorption. 
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Kernels of air-dry Manitoba wheat absorb water amounting to 
about 4°, of their original weight in the first minute of immersion (17). 
Further absorption occurs at a much slower rate which is affected by 
temperature. While the structure of the pericarp accounts for the rapid 
initial pick-up of water by an immersed kernel, it is the nature of the 
seed coat that helps to explain the subsequent slow absorption of water. 
In 1911 Schroeder (31) concluded that the semipermeable layer of the 
pericarp of wheat is probably the cutinized seed coat rather than the 
cellulosic nucellar epidermis. Krauss (19) concluded that absence of 
cuticles in the micropylar region of the seed coat is one factor favoring 
the rapid entrance of water at the germ end of immersed kernels. Re- 
cent experiments of Hinton (15) indicate that the testa (seed coat) of- 
lers more resistance to water entry than does the hyaline layer (nucellar 
epidermis), aleurone layer, or endosperm. He stated that “the practical 
significance of the resistance of the testa is that it limits the water taken 
up by wheat during washing to that which can be absorbed by the 
pericarp.” 

The semipermeable nature of the endosperm coverings in) small 
vrains has been studied in considerable detail in wheat, barley, and rye 
(4, 5, 6, 8, 13, 14, 18, 25, 26, 31, 39). A good review of the work pub- 
lished before 1931 is given by Lehmann and Aichele (22). Most investi- 
gators have concluded that semipermeability is localized in the seed 
coat. This semipermeability is important to the milling industry if any 
chemical substances are added to tempering water. Recent experiments 
(37) show that when potassium bromate is added to tempering water 
at a level of 2.5 mg 100 g. wheat, most of it fails to pass through the 


bran into the endosperm. 


During forced drying, water probably leaves kernels by the same 


route by which it customarily enters. 


Protection Against Fungi. Occurrence of mold hyphae between the 
beeswing (outer pericarp) and the inner pericarp of wheat kernels is 
well known (16, 27, 53). The observations of Pugh et a/. (29) indicate 
that in mature kernels the intact seed coat probably plays some part 
in preventing invasion by fungi. In their summary they said: “The 
testa |seed coat| becomes increasingly resistant to penetration by Grb- 
berella saubinetiu as the grain matures. The degree of resistance of the 
membranes seemingly is proportional to their thickness. The outer 
membrane of the testa is the most resistant layer of the kernel.” Me- 
chanical injury of the grain during harvesting and subsequent han- 


dling undoubtedly increases the chances fon penetration of molds (12, 
23, 34). 
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Identification in Milled Products. The microscopic appearance of 


the cells and tissues here described is useful in identifying bran in vari- 


ous mill-streams. It is also of use in the identification of wheat in feed 


mixtures. Wheat closely resembles rye in structure, but the outer peri- 


carp cells, brush hairs, and cross cells of these two grains differ in minor 
details (10, 38). 
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STRUCTURE OF THE MATURE WHEAT KERNEL 
III. Microscopic Structure of the Endosperm 
of Hard Red Winter Wheat ' 


DorotHy BRapBuRY, M. M. MacMasrers, AND IRENE M. 


ABSTRACT 


Endosperm of the wheat kernel is composed of an outer layer of aleurone 
cells and an inner body of starch-containing cells. Flour is obtained indus- 
trially from the starchy endosperm. 

The typical aleurone layer bounds the outer surface of the starchy endo- 
sperm except where the latter is in contact with the scutellum of the embryo 
and around the endosperm cavity. The living substance of each cell consists 
of a nucleus and surrounding cytoplasm; the latter contains oil and many 
aleurone grains. The walls are moderately thick. Protoplasmic connections 
between adjacent aleurone cells and between aleurone and starchy endo- 
sperm cells have been reported by some workers. A modified aleurone layei 
of thin-walled cells unaccompanied by starchy endosperm extends over part 
of the embryo. The endosperm cavity present near the crease is bordered by 
a modified aleurone layer composed of cells with pitted walls. 

Inward from the aleurone layer the endosperm cells, with the exception 
of those collapsed and compressed cells that adjoin the scutellum, are filled 
with many starch granules embedded in a proteinaceous matrix. The cells 
are of three types: 1) peripheral, next to the aleurone layer; 2) central, in the 
centers of the cheeks; and 3) prismatic, located between the other two. Pris- 
matic and central cells contain large lenticular starch granules and small 
spherical or many-sided granules; peripheral cells contain granules of an in- 
termediate size. 

The significance of the structure of the endosperm to milling problems is 
discussed. 


The endosperm makes up 91-92°7 


of the weight of the wheat ker- 
nel; its outermost (aleurone) layer accounts for 6-7°%, and the starch- 
containing cells for approximately 85°, of the whole kernel (4, Part 
I). To the miller the term endosperm is practically synonymous with 
starchy endosperm because he considers the aleurone layer to be the 
innermost layer of the bran. The starchy endosperm, which is the major 
portion of the kernel and the source of flour, is of paramount value to 
the milling industry. The aleurone layer forms a covering over the 
starchy endosperm. It is therefore of interest to the miller to know what 
role the aleurone layer may have during tempering and conditioning. 
Because a clean separation of bran from starchy endosperm is one of 
the major aims in milling, the nature of the union between the aleu- 
rone layer and the starchy endosperm is especially worthy of study. 
Botanical terms used are defined in the Glossary on page 390. 


' Manuscript received July 5, 1956. Presented at the 41st Annual Meeting, New York, May 1956. 
2 Northern Utilization Research Branch, Peoria, Hlinois, one of the Branches of the Agricultural Re- 
search Service, U.S. Department of Agriculture. 
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Materials and Methods 


Kernels from three samples of Pawnee variety wheat were used. Two 
samples were harvested at maturity; one was harvested when the grain 
was in the late soft dough stage. 

Frozen Material, Water-steeped mature kernels were sectioned, us- 
ually 30 » thick, on the freezing microtome. Most sections were stained 
with 0.025°,, Congo red in an aqueous solution buflered to pH 8 with 
phosphate buffer (Figs. 1-5, 7, 18-25). The preparation shown in Fig. 8 
was stained with Sudan IV. Glycerol or the phosphate butler solution 
was used as the mounting medium. 

Kernels in the late solt dough stage of development were sectioned 
at 30 » lor Figs. 12-15. The contents came out of most of the cells dui 
ing the cutting and handling of the sections, and any that remained 
were removed with needles. The sections were stained with Congo red 
and mounted in a pH 8 buttered phosphate solution. 

Preparations showing the proteinaceous network (Figs. 16, 17) were 
made from sections cut at 14-20 » from mature kernels steeped in an 
FAA fixative (see Part I (4)). The sections were treated with concen 
trated nitric acid for 3 minutes, washed thoroughly, neutralized with 
ammonium hydroxide, washed in water, partially dehydrated, stained 
with a 1°, solution of fast green in 95°; ethanol or in clove oil, de 
hydrated and cleared, and mounted in balsam. 

Pavaffin-Embedded Material. Sections tor Figs. 6 and 9-11 were cut 
10-14 » thick from material fixed and dehydrated according to the first 
method previously given (see Part II (5)). The sections were stained by 


an iron alum-haematoxyvlin schedule. 


Microscopic Structure 

Aleurone Layer. Vhe typical aleurone layer has been described and 
illustrated by many investigators. It bounds the outer surface of the 
starchy endosperm except where the latter is in contact with the scutel 
lum of the embryo and around the endosperm cavity (see Part I (4)). 
On iis exterior the aleurone layer is closely joined to the nucellar epi 
dermis. These relationships and the shape of the individual aleurone 
cells are shown in Fig. |. In both trans- and longisections through the 
kernel the aleurone cells appear square or slightly oblong. Elongation 
is most commonly perpendicular to the surface of the kernel. The 
thickness of the aleurone layer (measured on a total of 60 aleurone 
cells in wet mounts of sections of 20 kernels) ranged from 37 to 65,; the 
average was 46.9 ». This figure is in general agreement with an average 
ol 46 » (range 32-55 y») found tor three English and Canadian wheats 
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(9), and a range of 16.0-50.8 » lor three Pacific Northwest wheat varie- 
22) 


In surface view aleurone cells are 4-7 sided and joined together 


ties ( 


without intercellular spaces (Fig. 2). They vary greatly in diameter; a 


range of 25-75 » was reported by Percival (27). 


The walls of the aleurone cells are moderately thick. The approxi- 
mate thickness of the double wall between adjacent cells in’ water- 
mounted sections was given as 8 » by Tschirch and Oesterle (30); as 
6 » by both Percival (27) and Larkin et al. (21). Cobb (8) made an ex- 
haustive study of the aleurone layer of about 50 varieties of Australian 
wheat and determined lor each variety the percentage of area occupied 
by the cell contents. This percentage varied considerably because of 
differences in cell size and wall thickness. 

The contents of each aleurone cell are surrounded by a wall layer 
that appears bright or hyaline in sections that are unstained or stained 
lightly with Congo red (Fig. 3). The intercellular wall material that 
joins adjacent cells appears darker than the hyaline layer. The cellu- 
losic composition of the hyaline portion is indicated by its birefring- 
ence when the wall is viewed between crossed nicols, and by a blue 
coloration when 72°, sulfuric acid is added after sections have been 
treated with an iodine-potassium iodide solution. ‘The walls between 
adjacent cells are faintly striated (Fig. 4). Several workers (15, 25, 30, 
31) have reported either minute canals or delicate protoplasmic con- 
nections between adjacent aleurone cells and between aleurone cells 
and starchy endosperm cells. Special techniques are necessary to make 
such connections evident. 

Each aleurone cell has a nucleus surrounded by oil-containing cyto- 
plasm in which many small aleurone (protein) grains are embedded. 
Sections stained to show the nuclei (Figs. 5, 6) also illustrate two other 
characteristics of the aleurone layer. The innermost boundary of the 
layer is sometimes conspicuously irregular as a result of variation in 
thickness of the cells (Fig. 5) (see 9 and 22). Two superposed cells are 
occasionally present (Fig. 6), although the layer is usually only one cell 
thick. The cells do not contain gluten and usually contain no starch. 
Vogl (31) reported the presence of small starch granules in the inner 
cell of superposed cells. Respiration studies (24) indicate that the aleu- 
rone cells are living. According to recent investigations they are rich in 
B vitamins (18), esterase (11), phytase (26), and proteolytic enzymes 
(12), but contain no beta-amylase (10). 

A modified aleurone layer borders the endosperm cavity near the 
crease (Fig. 8, MAI). A brief description of this layer has been given by 
Winton and Winton (32). Both in transections (Fig. 8) and longisec- 
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Fics. 16. Fig. 1 Transection through pericarp and aleurone laver (200%): P. pericarp: NE. nucellar 
epidermis; Al, aleurone layer; E, starchy endosperm. Fig. 2 Surface view of aleurone laver (200%) 
Fig. 3 Section through aleurone layer (500): wall between adjacent cells at X: wall between aleuron: 
cell and starchy endosperm cell at Y. Fig. 4 Section through aleurone ver (500%): wall of center cell 
shown in face view. Figs. 5 and 6 Sections of aleurone layer stained to show nuclei (200%): Not ara 


tion in thickness of aleurone cells in Fig. 5, and two superposed cells in Fig. 6. 


tions of the Pawnee wheat kernel the cells are often oblong or wedge- 
shaped, in contrast to the nearly square typical aleurone cells. Two 
superposed cells are frequently present. Each cell contains a nucleus 
surrounded by cytoplasm containing oil. The walls between adjacent 
cells contain conspicuous pits (Fig. 7). The walls between the modified 
aleurone cells and starchy endosperm cells are also pitted. 

The modified aleurone layer, unaccompanied by starchy endosperm, 
extends over the edge of the scutellum and also over part of the em- 
bryonic axis (Fig. 9, MAI). Krauss (20) stated that the cells of the aleu- 
rone layer over the plumule are flattened and contain no aleurone 


ise 
a 


Nov., 1956 BRADBURY, MacMASTERS, AND CULL 365 


granules and that the aleurone layer is lacking over the projecting 
embryo tip. In sections of Pawnee wheat, scattered cells or groups of 
cells of the modified layer were found over the embryo as far down as 


Fics. 7-11. Fig. 7 Two cells of modified aleurone layer in crease region (500); arrows show pits 
in wall. Fig. 8 Crease region in transection of kernel (100%): MAI, modified aleurone layer; EC, endo- 
sperm cavity; PS, pigment strand; NP, nucellar projection. Fig. 9 Transection at level of epiblast 


(150%): P, pericarp; Cr, coleorhiza; MAI, modified aleurone layer; Sc, scutellum. Figs. 10 and 11 — 
Longisections through top and base of scutellum (200): code as in Fig. 9. 
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Fics. 12-15. Sections of kernels in late soft dough stage of development, showing types and arrange- 
ment of endosperm cells (contents removed) (30). Fig. 12 — Transection above germ. Fig. 13 — Longi- 
section perpendicular to crease. Fig. 14 Longisection parallel to crease. Fig. 15 Transection through 
germ. 


> 
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the level of the tip of the primary root. Thickness of the modified 
aleurone layer over the embryo was 8.8— 19 » (21 measurements in 18 
kernels). The mean, 13.4 », is less than one-third of the mean thickness 
of the typical aleurone cells measured. The modified aleurone layer 
over the surface of the embryo in a transection just above the tip of 
the epiblast is shown in Fig. 9. The aleurone cells form a practically 
continuous layer over the upper part of the embryo but both small and 
large intercellular spaces are present. The cells are thin-walled and 
each contains a nucleus and cytoplasm. The modified aleurone layet 
extends over the scutellum and into the embryonic cavity (Figs. 9-11). 

Starchy Endosperm. Vhe shape, size, and location of three types of 
starchy endosperm cells have been described and figured for a hard 
wheat, Manitoba variety (14). The same types of cells, peripheral, pris- 
matic, and central, are present in Pawnee wheat. In size and in pattern 
of distribution they are similar to those described for the variety Mani- 
toba. The peripheral cells form a row just inside the aleurone layer. 
‘They may be approximately isodiametric or elongated; elongation is 
usually toward the center of the endosperm. The prismatic cells, ori- 
ented with their long axes perpendicular to the surface of the kernel, 
lie roughly end to end and extend inward from the peripheral layer. 
The mass of prismatic cells reaches nearly to the crease in the back of 
the kernel (Figs. 12, 14) and part way to the cheek center in the sides 
and cheeks (Figs. 12, 13, 15). The central cells occupy the central por- 
tion of each cheek. Comparison of Figs. 12 and 13 shows that the cen- 
tral cells are similar in shape and size in trans- and longisections of the 
kernel. The peripheral cells of Manitoba wheat, measured in a transec- 
tion of the kernel (14), were reported to be not over 60 » long; the 
prismatic cells 128-200, by 40-64; large central cells 120-144, by 
80-120 »; and small central cells 72-104 » by 69-96 yp. 

The starchy endosperm cells, with the exception of those in a com- 
pressed layer of endosperm that lies next to the scutellum, contain 
many starch granules that are embedded in a proteinaceous matrix rich 
in gluten-forming proteins. Starch granules were removed from pris- 
matic cells (Fig. 16) and peripheral cells (Fig. 17) to make the pro- 
teinaceous network more evident. The spaces in the network indicate 
the sizes and arrangement of starch granules. Both prismatic and cen- 
tral cells contain large lenticular starch granules, oval to circular in 
outline, mostly 28-33 » in diameter (30), with an upper limit of 50 p» 


(28 and others). The lenticular granules in the outermost prismatic 
cells are smaller than those in the inner cells. Packed between the 
large granules are numerous small, spherical to many-sided granules 
that vary from 2 to 8 » (30) in diameter. 
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Fics. 16-23. Figs. 16 and 17 Proteinaceous network in prismatic cells and peripheral cells of starchy 
endosperm (500). Figs. 18 and 19 Transections showing starch granules in peripheral and interior 
endosperm cells (160%). Figs. 20-23 Sections showing walls of starchy endosperm cells: Fig. 20, thick- 
walled cells near crease (500%). Figs. 21 and 22, thin-walled celis (1000%). Fig. 23, walls of subaleurone 
layer at X; walls of aleurone laver in background at Y (1000). 


Peripheral cells usually contain starch granules intermediate in size 
between the two groups already mentioned (3, 14, 19). These starch 
granules are rather uniform in size and often restricted to the outer 
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part of the cell (3, 19). A central area devoid of starch granules occurs 
in many peripheral cells of Pawnee wheat. A few small starch granules 
may be present in the peripheral cells in addition to those of medium 
size (Fig. 17). 

The sharp contrast between the starch granules in peripheral cells 
and in cells lying closer to the interior of the kernel is easily observed 
(Figs. 18, 19); Fig. 18 shows starchy endosperm adjacent to the typical 
aleurone layer and Fig. 19 that adjacent to the modified aleurone layer. 
The peripheral cells, in these figures, appear darker than the others be- 
cause they contain a higher percentage of proteinaceous material and 
have consequently taken up more of the Congo red dye used in stain- 
ing the preparation. It has been known for many years that there is a 
gradient in protein content from the center of the starchy endosperm 
outward (8, 16, 23). 

Developmental studies (1, 7, 15, 27) indicate that the nuclei of many 
starchy endosperm cells become irregular in shape as they are com- 
pressed between starch granules and finally degenerate and assume the 
form of a star-shaped structure or even a network. 

The thickness of the walls of starchy endosperm cells varies in dil- 
ferent parts of the kernel. In seven varieties of Pacific Northwest 
wheats most walls between starchy endosperm cells were less than 3» 
thick; but between cells near the aleurone layer they were about 4 » 
thick, and near the crease, about 7 » thick (21). Differences in thickness, 
and perhaps in composition, of the walls of starchy endosperm cells ol 
Pawnee wheat are shown by the light- and dark-staining portions in the 
sections photographed tor Figs. 12-15. A broad area of lighter-stained, 
seemingly thinner-walled cells lies between a narrow subaleurone re- 
gion and a wide region that borders the endosperm cavity. Walls of 
some of the starchy endosperm cells are pitted; a photomicrograph ol 
relatively thick-walled cells near the crease (Fig. 20) shows the beaded 
appearance of a wall in section at the right and the reticulated thicken- 
ings in a somewhat oblique surface view of a wall at the left. The thin- 
walled starchy endosperm cells are less evidently pitted (Figs. 21-23; 
note that magnification is twice that of Fig. 20). Comparison of walls 
of the subaleurone starchy endosperm layer with those between cells of 
the aleurone layer (Fig. 23) shows that the former are much thinner. 
There is a suggestion of the presence of pits in the thin walls shown in 
Fig. 22 and at the left side of Fig. 25. Guenther (15) reported that in 
the outer starchy endosperm the contents of adjacent cells are con- 
nected by delicate protoplasmic strands that pass through the walls. 

The occurrence of floury and horny endosperm in wheat kernels of 
different varieties and within individual kernels has been discussed in 
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Part |. \ higher relative protein content for vitreous kernels in com- 
parison with mealy kernels has been reported (29). According to Alex- 
androv and Alexandrova (2) there is a characteristic difference between 
the small starch granules in cells of horny (vitreous) and of mealy 
(floury) endosperm. In vitreous endosperm they are rounded and sepa 
rated by a considerable amount of proteinaceous material; in mealy 
endosperm they are closely packed and many-sided, thus leaving little 
space lor nitrogenous material. The same authors reported that the 
walls of endosperm cells of hard wheats are thicker than those of soft 
wheats. Greer et al. (14) stated that they had not yet found evidence 


substantiating this report. 


Significance of Structure 

Aleurone Layer. The possible significance of the structure of the 
aleurone layer has been brought out in several publications. Cobb (8) 
suggested the use of structural characteristics of the aleurone layer in 
distinguishing varieties. He observed that usual date of maturity, nitro- 
gen content, and other varietal characteristics were correlated with the 
percentage of area occupied by the cell contents of this layer when 
measured in surface view. 

The aleurone layer is one of the tissues that must be traversed be- 
lore water reaches the starchy endosperm. Water seems to pass through 
this layer easily. A recent article by Hinton (17) indicates that the 
aleurone layer is of litthe importance in regulating the rate at which 
water enters the starchy endosperm. 

The variation in thickness of the aleurone layer has been considered 
to be one of the factors that make it difheult to detach starchy endo- 
sperm from bran during milling. Less frequent variation in thickness 
ol adjacent aleurone cells in good-milling than in poor-milling varie- 
tres of Pacific Northwest wheats was reported by Larkin et al. (22). 
They found no evidence, however, that this difference was a major 
factor affecting milling quality. Variation in thickness of aleurone cells 
was noted in sections of Pawnee wheat, and it seems possible that this 
irregularity might tend to hold some starchy endosperm to the bran 
and thus to reduce the amount of flour extracted. 

The present study has suggested a few hypotheses concerning the 
possible role of the modified aleurone layer during initial water uptake 
by immersed kernels. These will be discussed in Part IV (6). 

Starchy Endosperm. Ways in which knowledge of the structure of 
the starchy endosperm cells and the size of the contained starch gran- 
ules may be applied to practical problems are illustrated by the studies 


ol several investigators. 
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Cobb (8) concluded that richness of the grain in nitrogenous matter 
is correlated with the presence of small cells filled with small starch 
granules. He suggested that the quality of flour derivable from the 
grain might be predicted from the size of the endosperm cells and of 
their starch granules as viewed in cross sections of the kernels. 

The thickness of starchy endosperm cell walls may serve as a cri- 
terion of millability of the grain. Larkin et al. (21) reported a positive 
correlation in seven varieties of Pacific Northwest wheats between thin 
cell walls near the aleurone layer and a high milling score. 

The texture of the endosperm seems to affect both the manner in 
which it is fractured during the grinding of the grain and the rate at 
which water is absorbed during tempering. A study of flours produced 
from hard and soft wheats (vitreous and mealy, by inference) led Ber- 
liner and Riiter (3) to conclude that the endosperm of hard wheats 
breaks between the endosperm cells while that of soft wheats tends to 
be pulverized so that few or no whole cells are left. Greer and Hinton 
(13) arrived at a similar conclusion from application of various frac- 
turing techniques to hard and soft wheats. 

Kent and Jones (19) described several possible ways in which frag- 
ments of endosperm could break to yield flour particles of corre- 
spondingly different types. Differences in the strength of the entire cell 
contents compared with that of the cell wall and of the strength of 
adhesion of cell wall to cell contents or to adjacent cell walls were 
suggested to explain different types of flour particles obtained in dil- 
ferent mill streams. 

Hinton (17) reported that in both hard and soft wheats, fully mealy 
endosperm was found to be twice as permeable to water as fully vitre- 
ous endosperm. He considered density of cell contents to be a factor 
affecting the rapidity of entrance of water. Cell wall thickness and 
composition may also be involved. 

Application of knowledge of endosperm structure to an understand- 
ing of processing methods and problems may be expected to bring 


further advances in milling technology. 
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STRUCTURE OF THE MATURE WHEAT KERNEL 
IV. Microscopic Structure of the Germ of Hard Red Winter Wheat! 


Dorotny BrRapspury, M. M. MAcMAsters, AND IRENE M. CuLL? 


ABSTRACT 


Ihe germ is a young plant composed of an embryonic axis partly en- 
folded by the shield-shaped scutellum. The plumule, composed of rudimen- 
tary stem and foliage leaves enclosed by the coleoptile, and the primary root 
covered by the coleorhiza make up the axis. Two pairs of secondary roots 
are present. One face of the scutellum is embedded in the starchy endosperm. 
On this surface the scutellar epidermis (the epithelium) is modified for the 
functions of food digestion and absorption. Through its action the foods 
stored in the endosperm are made available for resumption of growth of 
roots and shoot during germination of the seed. The epidermis of the scutel- 
lum adjacent to the plumule is heavily cutinized. The cuticle covering the 
embryonic axis is heavy only at the tip of the coleoptile and appears to be 
fragmentary or lacking over the end of the coleorhiza. 

Cell characteristics that aid in the identification of embryo fragments in 
milled products are small size, thin walls, and contents of cytoplasm, nu- 
cleus, and oil droplets. Many of the cells, especially the scutellar parenchyma, 
contain small aleurone grains. 

Consideration is given to the possible relation of the structure of the 
embryo and its adjacent tissues to the initial localized entrance of water into 
the kernel 


The germ, or embryo, of the wheat kernel, although highly nutri- 
tious, is usually excluded from flour because it contains oil that be- 
comes rancid with age. The germ fraction of the milled products of 
wheat is ordinarily sold separately for human consumption or is incor- 
porated in high-protein feeds. Some milling companies use patented 
processes to make white or light-colored flours that contain the germ. 
At present, extraction of oil from wheat germ is not carried on com- 
mercially to any great extent. 

Knowledge of the structure of the germ and the tissues immediately 
surrounding it is important for several reasons. Improvement in meth- 
ods for separating the germ will depend upon such knowledge. Famili- 


‘Manuscript received July 5, 1956. Presented at the 41st Annual Meeting, New York, May 1956. 
2 Northern Utilization Research Branch, Peoria, Illinois; one of the Branches of the Agricultural Re- 
search Service, U.S, Department of Agriculture. 
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arity with the appearance of embryo tissues is useful for microscopic 
analyses in control laboratories of industries using wheat. It is, lor ex- 
ample, valuable to feed microscopists because increasing emphasis is 
being placed on qualitative examination of feeds. An understanding of 
the detailed structure of the germ and neighboring tissues may throw 
some light upon the still unsolved question of the path and method of 
entrance of water into the starchy endosperm during tempering of the 
grain. 

The gross morphology of the embryo has been discussed briefly in 
Part I (2). The main purpose of this paper is to consider the details of 
its structure. A glossary of botanical terms will be found on page 00. 


Materials and Methods 

‘Two samples of Pawnee variety hard red winter wheat, obtained 
from the Kansas and Oklahoma Agricultural Experiment Stations, re- 
spectively, provided the material for study. Frozen kernels and paraf- 
fin-embedded kernels were sectioned. 

Frozen Material. Kernels were steeped for a few hours in water at 
room temperature or in an FAA fixative (2) at approximately 8° C. for 
6-14 days. Sections were cut 16-50 » thick. They were stained with 
0.025°,, Congo red in an aqueous solution buffered to pH 8 with phos- 
phate buffer (Figs. 1, 11 inset, 16, 18, 19, 21, 25), or with Sudan black B 
(Figs. 7, 15, 17), or with Sudan IV. Stained sections were mounted in 
the stain, in glycerol, or in the buffer solution. 

Paraffin-Embedded Material. The most satislactory slides were ob- 
tained from material fixed and dehydrated according to the first meth- 
od described in Part II (3). Sections were cut 10-14 » thick. The sections 
lor Figs. 2-4, 6, 8-14, 20, 22, and 24 were stained by an iron alum- 
haematoxylin schedule and those for Figs. 5 and 23 were stained with 
safranin and fast green. 

Parathn-embedded material can be cut thinner than frozen materi- 
al; thus the sections show details more clearly. In sections of paraffin- 
embedded material that have been dehydrated and mounted in balsam, 
the walls are thinner than in sections mounted in water or glycerol. In 

| spite of efforts to avoid plasmolysis of the material, the contents of the 

‘ cells shrank from the walls. This must be kept in mind when viewing 
Figs. 10, 12, 16, 20, 22, and 24, otherwise the space between the cell 
contents and the thin wall may be mistaken for part of the wall. 


Me General Survey 


The germ is a young, normally living, plant composed of a rudi- 
mentary root and shoot that together form the embryonic axis, and the 
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scutellum that functions as a storage, digestive, and absorbing organ. 
Parts of the embryo are labeled in Fig. 1. The stem apex, several em- 
bryonic foliage leaves, and an enclosing sheath (coleoptile) make up the 
shoot or plumule. Another sheath, the coleorhiza, encloses the primary 


Fic. 1. Longisection of germ cut parallel to crease (44). E, endosperm; VS, ventral scale; Cp, cole- 
optile; Se, scutellum; Fl, epithelium; FL, foliage leaves; Pl, plumule; SA, stem apex; B, bran; SeN, 
scutellar node; EB, epiblast; PR. primary reot: Co. cortex; VC. vascular eylinder; RC, root cap; Cr 
coleorhiza: SC, seed coat. 


root and two pairs of secondary lateral roots. The lateral roots do not 
show in a median longisection parallel to the crease. Below the plum- 


ule the scutellum and another lateral appendage, the epiblast, are at- 
tached to the embryonic axis. ‘The scutellum is on the side toward the 
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endosperm and the epiblast on the opposite side. The epiblast is a 
small, scalelike structure composed of parenchyma cells. Because it 
probably has littke morphological significance (1) it will not be dis- 
cussed further. 

Most cells of the germ are small and thin-walled, and contain a nu- 
cleus surrounded by cytoplasm. The cytoplasm of many of the cells 
contains oil and aleurone (protein) grains (22). The latter are espe- 
cially abundant and conspicuous in the parenchyma cells of the scutel- 
lum. Only minute traces of starch are present in the dormant embryo 
(see 22). 

A briel review of the nature and origin of some tissues of root and 
stem will aid in an understanding of the structure of the germ. Vascu- 
lar tissues that conduct water and food through the plant are composed 
ol xylem and phloem. In plants such as grasses and grains, the xylem 
and phloem are located in a central cylinder or ring in the root but 
they occur as scattered strands in the stem. In the leaves they form 
the veins. 

At the tip of the root and that of the stem (root apex and stem apex) 
there are certain cells that, while preserving their own identity, pro 
duce other cells destined to form numerous tissues characteristic ol the 
mature plant. The new cells at first resemble the cells that produced 
them, and with them make up what is often called the apical meristem. 
Apical meristems are commonly composed of small, approximately iso 
diametric, thin-walled cells, each containing a nucleus and abundant 
cytoplasm. Under conditions suitable for growth the cells divide and 
their descendants undergo changes in size, shape, and nature of wall 
and contents that result in the formation of cells characteristic of dil- 
ferent kinds of tissues. In the early stages of this differentiation, pro- 
vascular tissue and protoderm, the forerunners of vascular tissues and 
epidermis respectively, can be distinguished. ‘The provascular tissue us- 
ually differs markedly from the surrounding parenchyma in size, shape, 
and arrangement of cells and often in afhinity for histological dyes. 

The partially differentiated cells of root, stem, and leaf of the dor- 
mant wheat embryo were formed from apical meristems during the 
growth of the wheat kernel while it was still on the plant. With the 
return of conditions suitable for growth, the apical meristems of stem 
and root become active again and the seedling grows as a result of divi- 
sion, enlargement, and differentiation of cells. 


Embryonic Axis 


Plumule, The stem apex and several embryonic foliage leaves are 
visible in trans- and longisections through the plumule (Figs. 2, 3). In 
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the first two foliage leaves, the upper and the lower epidermis, and the 
provascular bundles are clearly differentiated from the remaining 
parenchyma cells (Fig. 4). Marked indentations are present on the up- 


Fics. 2-5. Fig. 2 Transection through plumule (60): El, epithelium; PB, provascular bundle; Sc, 


scutellum; Cp, coleoptile; FL, first foliage leaf; SA, stem apex; Eb, epiblast. Fig. 3 Longisection 
(60%); a branch of scutellar provascular bundle, PB, passes through scutellar node, ScN, and becomes 
midvein, MV, of first foliage leaf, FL; Bd, bud in axil of coleoptile; PR, primary root. Fig. 4— Detail of 
foliage leaves (200%): UEp, upper epidermis; LEp, lower epidermis; PB, provascular bundle. Fig. 5 
Transection showing branches of scutellar bundle, Br, entering first leaf, FL, and coleoptile, Cp (60X). 
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per surtace of the first leat between the provascular bundles. Younger 
loliage leaves may be as yet only swellings on the stem apex although a 
third leat is clearly defined in Fig. 2. 

The first foliage leat commonly has eleven veins and the second 
seven (22). The mid-vein (Fig. 3, MV) of the first foliage leaf is formed 
largely from a branch of the scutellar provascular bundle (Fig. 3, PB) 
that passes downward from the scutellum to the scutellar node (Fig. 3, 
ScN) and then upward through the vascular cylinder and into the leat 
(1). I'wo or more of the lateral veins of the first foliage leaf are also 
formed by branches from branches of the scutellar provascular bundle 
(Fig. 5) (1). McCall (18) differs from Avery in his interpretation of de- 
tailed vascular anatomy of the wheat embryo and seedling. However, 
he, also, points out cross-axis provascular tissue at the first node (scutel- 
lar node or first node of Avery) from which a procambial strand on 
the anterior side enters the first foliage leaf and a procambial strand 
on the posterior side enters the scutellum. He also calls attention to 
the joining of two lateral bundles of the first foliage leaf with the 
coleoptile bundles and (at a lower level) of the coleoptile bundles with 
the procambial strand that enters the scutellum. 

The provascular bundles are conspicuous in transections because of 
the small diameter of their cells (Fig. 4) and in longisections because 
their cells are slender and elongated (Figs. 3, 6). For the most part, cells 
of the provascular bundles of the embryo are immature; that is, they 
have not attained size, shape, wall-thickness, or other features charac- 
teristic of mature xylem and phloem. However, the distinctive spiral 
wall-thickenings of xylem elements can be seen in Fig. 6 in a bundle 
at the base of the first foliage leaf. 

The coleoptile is a roughly cone-shaped sheath (Fig. 1) about 1|- 
1.25 mm. long (22) that encloses the embryonic foliage leaves. It is cov- 
ered by a cuticle that is very delicate except over the tip (Fig. 7). Near 
its tip on the side away from the scutellum there is a small pore (Fig. 8) 
through which the foliage leaves emerge during germination of the 
seed. The coleoptile, seen in transection, is somewhat elliptical in 
shape, with the long axis parallel to the scutellum (Fig. 2). It is from 
6 to 12 cell layers thick; the thickest parts are at the poles of the ellipse. 
An outer and inner epidermis, each composed of a single cell layer, 
are evident (Fig. 9). Thin-walled parenchyma cells make up the inner 
tissue except for the two provascular bundles (Figs. 2, 9). These bun- 
dles, one in each thickened part of the coleoptile, run throughout its 
length and near its tip turn toward each other and meet in a V-shaped, 
backward-turning curve (22). They arise as branches from branches ol 
the scutellar bundle (Fig. 5). Although two provascular bundles are 
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Fics. 6 10. Fig. 6 Longisection of provascular bundle at base of first foliage leaf, showing xvlem 
elements with spiral wall-thickenings, \ (500%). Fig. 7 Longisection through tip of coleoptile: ribbon 
of cuticle shown lying flat (arrow) (160). Fig. 8 Transection through plumule; pore of coleoptile at 
arrow (150%). Fig. 9 Portion of coleoptile (detail of Fig. 2 200%): OEp, outer epidermis; IEp, inner 
epidermis; PB, provascular bundle; Pa, parenchyma. Fig. 10 Longisection through tip of primary root 
(100%): Mx, metaxslem: AM, apical meristem; RC, root cap; Cr, coleorhiza. 


usually present in the coleoptile of the bread wheats, the frequent oc- 
currence of more than two in some wheat species has been reported (14, 
19, 22). 


There has been much dispute over the coleoptile. Many consider it 
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to be the first leaf of the plumule; a recent publication by Reeder 
(24) supports this view. A bud is usually present in the axil of the 
coleoptile (Fig. 3); this also indicates that the coleoptile may be a modi 
fied leaf (1). Stomata in an immature stage of development are presen! 
in the epidermis of the coleoptile of the resting embryo. 

Internodes. Internodes are regions of the stem between successive 
nodes (places where leaves originate). They are-extremely short in the 
wheat embryo. The internode between the attachments of coleoptile 
and first foliage leaf is shown in a slightly oblique section in Fig. 13. 
In this internode, which elongates greatly during germination, there 
is a scattered arrangement of provascular bundles characteristic of a 
transition from root structure to stem structure. Details of the vascula 
system of the nodes and internodes are more easily studied in the seed 
ling plant. They have been fully described by Avery (1), MeCall (18), 
and Percival (22). 

Primary Root. The primary root arises below the scutellar node and 
points downward toward the base of the kernel (Fig. 1). In its apical 
meristem (Fig. 10, AM) there are three tiers of cells that give rise to 
root tissues (22). One gives rise to the thimble-shaped root cap; another 
to the cells that form the epidermis and the cortex of the root; and the 
third to the central vascular cylinder in which conducting elements, 
xylem and phloem, differentiate. 

The root cap (Fig. 10) is easily recognized by its location at the tip 
of the root and by the arrangement of the rows of cells composing it. 

The epidermis, and the boundaries of the cortex and the central 
vascular cylinder of the root, can be distinguished in trans- and longi- 
sections, even though the cells of the tissues have not reached maturity 
(Fig. 11). Four to six layers of thin-walled parenchyma cells with very 
small intercellular spaces lie between the epidermis and the innermost 
layer of the cortex, the endodermis. The outer walls of the young epi- 
dermal cells are much thickened (inset, Fig. 11) and are reported to be 
mucilaginous (22). 

The tissues of the central vascular cylinder are shown in Fig. 12. 
The outermost layer, the pericycle, lies just within the endodermis ol 
the cortex. Protoxylem cells are spaced at rather regular intervals just 
beneath the pericycle. The number of groups of protoxylem cells is 
most commonly seven or eight (1). Protophloem cells alternate with the 
protoxylem. The large cell in the center of the vascular cylinder is a 
metaxylem element, called metaxylem because it is later than proto- 
xylem in maturing. That this cell is one of a longitudinal row of simi- 
lar cells can be seen in Fig. 10. The primary root of the embryo usually 
has a single central row of large metaxylem elements but occasionally 
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Fics. 11, 12. Fig. 11 Trausection through embryo at level of roots (60%): PS, pigment strand; E, 
endosperm; Se, scutellum; PR, primary root; LLR, lower lateral roots; Ep, epidermis; Co, cortex; VC, 
vascular cylinder; Eb, epiblast. In inset (200%) the thick outer walls, OW, of epidermal cells have been 
deeply stained. Fig. 12 Portion of transection of primary root (500%): Pa, parenchyma of cortex; Ed, 
endodermis; Per, pericycle; Px, protexylem; Pp, protophloem; Mx, metaxylem. 


another row, similar but smaller in diameter, is present. At this stage 
of development, the rest of the vascular cylinder is composed of paren- 
chyma cells. 4 

Two pairs of secondary lateral roots are present in the embryo. The 
lower pair arises from the embryonic axis at about the level of the base 
of the epiblast. One of the upper and one of the lower pair originate 
on each side of the axis and slant downward toward the face of the 
embryo. They are not as large as the primary root; the upper pair is 
especially small. The positions of these lateral roots relative to each 
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other and to the primary root may be seen in trans- and longisections 
of the embryo (Figs. 11, 13, 14). In general structure, the lateral roots 


resemble the primary root. 


Fics. 13-17. Fig. 13 Slightly oblique transection through internode above the attachment of the 
coleoptile (60%): Se, seutellum; ULR, upper lateral root; LLR, lower lateral root; Eb, epiblast. Fig. 
4 Longisection of embrvo through one of each pair of lateral roots (60%): Cp, coleoptile; PR, primary 
root. Rest of code as in Fig. 13. Fig. 15 Longisection through epidermis on upper part of coleorhiza 
(1000): Cu, cuticle. Fig. 16 Longisection through tip of coleorhiza, TCr (200%): RC, root cap: SC. 
seed coat in micropylar region. Fig. 17 Portion of cuticle from epidermis on concave surface of » wtel- 
lum (200%) 
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Coleorhiza. Vhe coleorhiza sheathes the primary root. On the side 
next to the endosperm it merges with the scutellum (Fig. 1). The 
coleorhiza is composed of parenchyma cells bounded by inner and 
outer epidermal layers and lacks provascular tissue. The outer epider- 
mis is covered with a cuticle (Fig. 15) to within a short distance of the 
tip. In the present study the cuticle was never followed with certainty 
over the tip, although in some preparations fragments of cuticle ap- 
peared to be present there. 

The tip of the coleorhiza has a smooth, even contour on the side 
nearest the center of the kernel but is characteristically and conspicu- 
ously indented on the opposite side (Fig. 16). The cells are slightly 
thicker-walled in the tip region than elsewhere in the coleorhiza. A 
layer of compressed, usually empty cells, instead of a well-defined epi- 
dermis, covers the tip and lies next to the seed coat in the micropylar 
region (Fig. 16) (see Part I). It is possible that the layer of compressed 
cells is comparable to the “embryonic appendage” of oats described by 
Collins (6). 


Scutellum 


The scutellum stores food tor the embryonic plant and at the time 
of germination becomes a digesting and absorbing organ (22) that 
transfers food from the adjacent endosperm to the growing parts of the 
embryo. The scutellum is shield-shaped; its convex surface lies next to 
the endosperm and its opposite, concave surface partly enfolds the 
embryonic axis (Figs. 1, 2). The slight projection near the tip of the 
scutellum is called the ventral scale (Fig. 1). 

Epidermis. Most of the cells of the epidermis in the area adjacent 
to the coleoptile are elongated with the long axis of the scutellum. 
‘They are covered by a rather thick cuticle. A portion of isolated cuticle 
is shown in Fig. 17. The pattern of the epidermal cells is strongly 
marked on the cuticle — probably by the presence of “pegs” that were 
embedded in the radial walls of the epidermis as in corn (29). The pat- 
tern of short cells visible in Fig. 17 is on the portion of the cuticle that 
was close to the rim of the concave surface of the scutellum. 


The epidermis of the scutellum adjacent to the endosperm is modi- 
fied to form a layer of secreting cells, the epithelium (Figs. 1, 2). In 
bread wheats the surface of the scutellum is essentially free of the in- 


vaginations, or “glands,” so numerous and conspicuous in the scutel- 
lum of the corn embryo (see 29). Only a few slight invaginations are 


sometimes present near the tip of the scutellum (Fig. 18). The presence 


of glandlike cavities in some other wheat species has been reported (22). 
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Fics. 18-25. Fig. 18 — Longisection through upper part of seutellam (200): PB, provascular bundle ; 
El, epithelium; Pa, parenchyma. Figs. 19, 20, 21 Longisections of epithelium (500%): Arrow (Fig. 19) 
points to space between ends of adjacent cells. N, nucleus; LC, layer of crushed endosperm cells. Fig. 


22 Cross section of epithelium (500): Contents of cells ntracted or lost. Fig. 23 Transection 
through embryo near tip of plumule (60): Plumule tissue has dropped out of section. Br, small branches 
of provascular bundle of scutellum. Fig. 24 Parenchyma cells of scutellum (500%): N, nucleus in mass 
of cytoplasm; A, aleurone grain. Fig. 25 Surface view of walls of parenchyma cells of scutellum show 


ing thin porelike areas (500). 


The individual cells of the epithelium are cylindrical, 35 — 40 » long 
by 8-10 » wide (22), and their length runs perpendicular to the surface 
of the scutellum. Occasionally one is divided into two by a transverse 
wall. The cells are not arranged in any regular order (Fig. 22). Some 
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taper toward the tip and may be separated from their neighbors 
through a considerable portion of their length (Fig. 19, at arrow); oth- 
ers are closely appressed throughout their length (Fig. 21). Each cell 
contains a nucleus (Fig. 20). Oil is present as fine droplets in the cyto- 
plasm. The cells of the epithelium are in intimate contact with a layer 
of crushed endosperm cells (Fig. 21, LC). 


Provascular Bundle. The provascular bundle of the scutellum is 
composed of numerous elongated protoxylem and protophloem cells 
which are smaller in diameter than the surrounding parenchyma cells. 
The bundle, consequently, is conspicuous in both trans- and longisec- 
tions (Figs. 2, 3). It extends trom the scutellar node into the upper part 
of the scutellum. In some embryos, xylem elements similar to those 
shown in Fig. 6 were observed throughout most of the length of the 
provascular bundle. Near the tip of the scutellum the bundle divides 
into many small branches that curve outward laterally and also toward 
the convex surface of the scutellum and then extend downward for a 
considerable distance (22). These numerous small branches are shown 
in a transection of the embryo near the tip of the plumule (Fig. 23; 
the plumule has dropped out of the section). 


Parenchyma. The polyhedral parenchyma cells that compose the 
body of the scutellum vary considerably in size (Fig. 2). Only small 
intercellular spaces are present. The cells contain, in addition to nu- 
cleus and cytoplasm, stored food in the form of oil droplets and small 
masses of protein known as aleurone grains (Fig. 24). A surface view of 
the walls of these cells shows reticulate (netlike) wall thickenings and 
thin porelike areas (Fig. 25; the section photographed had been treated 
with alkali to remove the cell contents, and wall thickness may have 
been affected by the treatment). 


Discussion 


Industrial Microscopy. The accompanying photomicrographs should 
provide useful reference material on embryo structure for industrial 
microscopists. Sections of the embryo mounted in glycerol or phosphate 
buffer solution (Figs. 1, 7, 15, 16, 18, 19, 21) resemble fragments present 
in milled products more closely than do the sections of paraflin-em- 
bedded material that were dehydrated and mounted in balsam. The 
latter, however, show details more clearly. In general, embryo tissues 
are characterized by small, thin-walled cells filled with living substance 
that contains oil. Some of the cells are packed with small aleurone 
granules. Absence of appreciable amounts of starch from wheat scutel- 
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lum serve to distinguish wheat germ from corn germ, in which the 
scutellum contains small starch granules. 

Absorption of Water and Degermination, Details of structure of the 
embryo and surrounding tissues have a bearing upon the practical 
problems of degermination of the grain and of entrance of water in 
tempering or conditioning treatments. Because the embryo is a com- 
plete, distinct organ of the seed, there is a natural line of cleavage 
between it and the adjacent endosperm on one side and the overlying 
bran on the other. However, the similarity in appearance between the 
interlace of scutellum and endosperm in wheat and in corn suggests 
that there may be in wheat a “cementing layer” between epithelium 
and compressed endosperm cells similar to that reported for corn (29). 
Water used in tempering probably helps to weaken the bond between 
germ and endosperm as it does in corn. The living contents of the 
cells of the embryo are highly hydrophylic, and the embryo has a 
greater water-absorbing capacity than a piece of endosperm of similai 
size (7). This differential absorption may facilitate degermination. It 
should be borne in mind that heat of a degree and duration sufhcient 
to kill the cells would result in changes in water absorption, because 
death alters the physical nature of the cell contents and the semiper- 
meability of its limiting membranes. 

Entrance of water into the kernels of cereal grains was studied first 
by those interested in the physiology of seed germination (6, 20, 26, 
30); later by those concerned with the tempering and conditioning of 
grain for milling (5, 8, 9, 10, 11, 12, 13, 15, 21, 25, 27, 28). On the basis 
of these investigations the following statements concerning the entrance 
of water into immersed wheat kernels at temperatures not over 50° C. 
can be made with considerable assurance. 

1. The pericarp takes up water very quickly. 

2. Entrance of water into the interior of the kernel is delayed by 
slow passage through the semipermeable covering formed about the 
seed by the seed coat and pigment strand. 

3. First evidence of the entry of water into the starchy endosperm 
occurs in the vicinity of the embryo after about an hour's immersion 
of the kernel. 

In considering the entrance of water into the wheat kernel it is 
necessary to distinguish between entrance into the pericarp and en- 
trance into the starchy endosperm. Methods using iodine for the detec- 
tion of moisture are based upon color reactions with starch, and starch 
's not present in the pericarp. It seems likely that the capillary system 
referred to by Fritsch (9, 10) is formed of xylem elements and inter- 
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cellular spaces leading from the attachment region into the pericarp. 
If this interpretation is correct the system allows lor permeation of the 
pericarp only. 

Several investigators (5, 6, 11, 28) reported that, upon immersion of 
wheat (or barley) kernels in water, moisture first became apparent in 
the starchy endosperm in a circular or ringlike region around the edge 
of the scutellum as the kernel is viewed from the germ surface. One 
may assume that uninjured kernels were used in their experiments. 
Hinton (13) considered these experiments to be of little practical sig- 
nificance since Ugrimoft (28) reported visible entry of water only after 
| hour. Wheat, during washing, is normally in contact with excess 
water for only a few minutes. However, the most commonly used 
methods for determining the entrance of water are not delicate enough 
to detect the first small changes in moisture content. Water from a solu- 
tion of potassium thiocyanate used to determine entrance of moisture 
probably permeates the tissues of the kernel betore the thiocyanate 
does. With the iodine vapor method, moisture content only a little 
below 15-16‘ 


, can be detected in the starchy endosperm by shades ol 


vellow, orange, and brown (25, 28). Jones and Campbell (16) have only 
recently developed a method for determination of the moisture content 
of small endosperm particles from vitreous kernels to within +0.3°, 
over a range of 9-20°.. It is possible that some localized or general en- 
trance of small amounts of water into the endosperm may occur rapidly 
under the conditions of commercial tempering. Only the application 
of a method that can detect small changes in moisture content can 
clarify the question. 


Structure of the germ and its surrounding tissues suggests several 
seemingly feasible paths for the initial entrance of water into the 
starchy endosperm of immersed kernels: 

1. Surface of the seed coat over the embryo. The outer cuticle of 
the seed coat has been reported to be thinnest over the embryo (23); it 
is possible that water passes through this portion of the seed coat more 
quickly than elsewhere. Water entering here would naturally move 
into the nucellar layer and the modified aleurone layer. For discussion 
of passage into the starchy endosperm see 3, below. 

2. Micropylar region of seed coat through coleorhiza and root to 
the scutellum. At the micropylar region in red wheat the outer and 
inner cuticles of the seed coat are extremely thin or, perhaps, com- 
pletely lacking (3, 17, 23). This area appears to offer a comparatively 
easy path for entrance of water. Presumably water could then pass into 
the embryo through the tip of the coleorhiza and into the root. The 
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coleorhiza and root are joined to the scutellum and the convex surlace 
of the scutellum borders on the layer of compressed cells of the starchy 
endosperm. 

3. Micropylar region of seed coat into embryonic cavity and modi- 
fied aleurone layer. Although contact between the seed coat at the 
micropylar region and the compressed cells of the tip of the coleorhiza 
is very close in the dry kernel, it seems likely that water entering 
through the seed coat at this region can pass into the embryonic cavity. 
In fact there is some evidence for this assumption. It was found that 
in a high percentage of kernels with unbroken pericarp, immersion fon 
6 hours in a 0.05, 
coloring of the modified aleurone cells lining the upper part of the 


aqueous solution of Congo red resulted in the 


embryonic cavity. Assuming an embryonic cavity filled with water, the 
thin-walled modified aleurone cells appear to offer a passageway 
around the edge of the scutellum to the starchy endosperm; see Figs. 
9, 10, and 11 in Part IIL. 

4. Base of pigment strand through the nucellar projection to the 
modified aleurone layer. This pathway was considered by Krauss (17). 
She concluded that the lignified layer of the cell walls of the corky pig- 
ment strand offered a pathway for penetration of water. The base of 
the pigment strand is in contact externally with the spongy tissue ol 
the attachment region; toward the inside, it contacts the nucellar pro- 
jection that joins either the modified aleurone layer or, in a small area, 
the scutellar epithelium. The cells of the modified aleurone layer bor- 
dering the lower part of the scutellum are thin-walled (Part III); they 
may offer little resistance to the passage of water. 

Consideration of these hypothetical routes for the passage of water 
from pericarp through pigment strand or seed coat to the starchy 
endosperm may be of help to those who are studying the entrance ol 
water into the interior of the wheat kernel. As pointed out by Ugri- 
moff (28), conditions that prevail when individual kernels are soaked 
in water for experimental work are quite different from those that 
exist in the large-scale moistening of grain for processing. Worthy 
ol note, also, are the reports of Schafer (25) and Buré (5) that the 
initial localized entrance of moisture in the vicinity of the germ is not 
nearly as apparent when the kernels are immersed in water at 70°- 
100° C. or are treated with steam as when they are moistened at a 
lower temperature. 
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GLOSSARY 


Apical. Reters to the apex or tip of a structure, 

Apical meristem. \ vegion located at tip of root or stem and concerned with the 
more or less continuous formation of new cells and tissues. 

{tiachment region. As applied to wheat kernel: the basal area along which the ke 
nel was formerly attached to the parent plant, 

Bran. As applied to wheat kernel: the outermost tissues, including pericarp, seed 
coat, nucellar layer, and aleurone laver. 

Cheeks. As applied to wheat kernel: the two parts, one on each side of the crease, 
which project toward the front of the kernel. 

Coleorhiza. The structure which sheathes the primary root of the embryo of grasses. 

Cortex. \ evlindrical layer, composed generally of parenchyma tissue, surrounding 
the central core which contains the vascular tissues. 

Cuticle. \ layer of cutin which is firm, continuous, and relatively water-impervious. 

Cuticularized. Covered with a cuticle. 

Cyloplasm. The portion of the living substance or protoplasm of a cell exclusive of 
the nucleus and some other specialized structures. 

Dorsal. As applied to wheat kernel: the back, where the germ is located. 

Endodermis. \ layer ot cells separating the central vascular cylinder from the cortex. 
It is frequently considered to be the innermost layer of the cortex 

Endosperm cavity. The cavity which is present adjacent to wheat endosperm in the 
vicinity of the crease. 

Epidermis. The surtace layer of a plant organ. 

Epithelium. \ tissue composed of secretory cells 

Hypha (pl., hyphae). A single filament of the body of a mold. 

Hypodermis. One or several layers of cells, frequently thick-walled, located just be- 
neath the epidermis and serving to reinforce the latter. 

Integument. An enveloping cloak or covering. 

Isodiametric. As applied to cells: diameter approximately equal in all directions 

Meristem (adj., meristematic). A tissue which more or less continuously produces 
new cells and tissues. 

Micropyle. An opening in the integuments through which the pollen tube penetrates 
the ovule (forerunner of the seed). The micropyle may or may not be present 
in the mature seed. 

Nucellar epidermis. The outermost cell layer of the nucellus, the central part of the 
ovule (forerunner of the seed). The nucellar epidermis persists in the mature 
wheat kernel. 

Nucellar projection. In the wheat kernel, a strand of tissue which lies interior to the 
pigment strand and runs parallel to it. 

Nucleus (pl. nuclei). A highly organized, usually spherical or disk-shaped part of 
the living contents of a plant cell. It plays an important part in regulating 
the activities of the cell and it contains the hereditary units. 

Parenchyma, Unspecialized vegetative tissue. 

Pericarp. Vhe fruit coat which surrounds and encloses the seed. 

Pericycle. \ tissue which forms the outermost laver of the central vascular cylinder. 

Phloem. \ conductive tissue associated with the xvlem and serving mainly in the 


transport of foods. 
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Pigment strand. \ strand of cells which extends nearly the length of the wheat 
kernel interior to the pericarp tissue in the bottom of the V-shaped crease. 
In red wheats the cells are deeply pigmented. 

Pit. Used in a nontechnical sense, a thin area or depression in a cell wall. Pits occu 
generally in pairs on the opposite sides of the wall separating adjacent cells. 
The thin area in the wall forms the floor of both pits. 

Plamule, The rudimentary shoot of a plant embryo. In grasses, the plumule is com- 
posed of stem apex and embryonic leaves surrounded by a sheath, the cole 
optile 

Protoderm, \ young, meristematic tissue which becomes the epidermis of a plant 
organ 

Protophloem. the first phloem cells to mature from an apical meristem. In the 
germ, these cells are still immature 

Protoxylem. The first xvlem ceils to mature from an apical meristem. In the germ, 
these cells are usually still immature. 

Provasculary bundles. Vascular strands in which the cells of xylem and phloem are 
only partially differentiated. 

Provascular tissue. \ young, meristematic tissue which gives rise to the vascular tis- 
sues, Xylem and phloem. 

Scutellar node. The region of the embrvonic axis at the level of attachment of the 
scutellum (seed leaf or cotyledon.) 

Sioma (ph, stomata). An opening in the ‘epidermis through which gaseous exchange 
occurs between the atmosphere and intercellular spaces. The term is also 
applied to the opening together with specialized cells surrounding it. 

Suberization. A change to a corky composition resulting from impregnation with 
suberin. 

Vascular bundles. Stvands composed of the conducting tissues (xylem and phloem). 

Ventral. \s applied to wheat kernel: the front in which the crease occurs. 

Xylem. \ conductive tissue associated with the phloem and serving in the transport 
of water and dissolved substances 
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COMMUNICATION TO THE EDITOR 
Revised data for Cereal Chemistry 32: 463-471 (1955). 


SiR: 

Attention of the authors has been drawn to certain errors in the 
paper, “Chopin alveograph studies. I. Dough resistance at constant 
sample deformation,” by I. Hlynka and F. W. Barth, cited above. 
These include a stenographic inversion of the last two figures for the 
value of the volume of the dough membrane given on p. 466, and a 
displacement of the eighth entry in the second column of Table II 
from the fifth position in rank order. 


PABLE I 
CALCULATED DATA ON ALVEOGRAPH BUBBLES OF VARYING SIZE 
HIGHT OF RADIUS OF \REA OF VOLUME OF “THICKNESS OF 
BUBBLE SPHERE BuBBLE SECTION Section Watt 
cm. cm. cm? cm3 mm 
0.60 6.65 25.1 73 2.38 
0.70 5.79 25.5 8.6 2.34 
0.80 5.16 25.9 98 2.31 
1.00 1.31 27.1 12.5 2.21 
1.20 3.78 28.5 15.3 2.10 
1.50 $.29 31.0 19.7 1.93 
2.00 2.91 36.6 28.1 1.63 
2.50 2.77 13.5 38.1 1.37 
3.04 2.77 52.9 09 1.13 
3.82 2.91 69.8 75.1 O86 
5.08 3.29 105.0 129.5 0.57 
6.36 3.78 151.1 210.9 0.40 
7.62 1.51 206.3 $22.9 0.29 
9.52 5.16 308.7 565.7 0.19 
10.88 5.79 395.8 804.5 O15 
12.70 6.65 530.6 1224.7 0.11 


Advantage is being taken of this opportunity to increase the pre- 
cision of the initial values in the fourth column of Table IL by a more 
accurate graphical evaluation, and to recheck all the data on the basis 
of 5.98 cm®* for the volume of the dough membrane. 

The authors regret their oversight and present revised Tables I 
and II. 


392 


- 
| 
: 


Nov., 1956 I. HLYNKA 


TABLE Il 
OF ALVEFOGRAM AND Doucu Busser DIMeNnsions 


DISTANCE ON VOLUME OF \REA OF “THICKNESS OF 
\LVFOGRAM BUBBLE BUBBLE Busser WALI 


cm. cm? mm. 

0.12 2.14 

05 0.29 2 1.87 
10 0.59 f : 1.42 
20 1.18 2 1.05 
3.0 1.77 : 0.82 
1.0 2.36 j 0.69 
5.0 295 : $ 0.58 
70 4.12 $2 O45 
90 5.30 22: 0.38 
10.0 5.89 2: 0.35 
12.0 7.07 : Q: 0.31 
14.0 8.25 3! 2 0.27 
15.0 99 0.26 


October 15, 1956 


I. HLYNKA 
Grain Research Laboratory, 
Board of Grain Commissioners 
for Canada, 


Winnipeg 2, Manitoba 
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Cereal Chemistry 


EDITORIAL POLICY 


Cereal Chemistry publishes scientific papers dealing with raw materials, processes, or 
products of the cereal industries, or with analytical procedures. technological tests. or funda- 
mental research, related thereto. Papers must be based on original investigations. not pre- 
viously described elsewhere, which make a definite contribution to existing knowledge. 

Cereal Chemistry gives preference to suitable papers presented at the Annual Meeting of 
the American Association of Cereal Chemists, or submitted directly by members of the Asso- 
ciation. When space permits, papers are accepted from other scientists throughout the world. 

The papers must be written in English and must be clear, concise, and styled for Cereal 
Chemistry. 


Manuscripts for em should be sent to the Editor in Chief. Advertising rates may 
be secured from and subscriptions placed with the Managing Editor, University Farm, St. 
Paul 1, Minnesota. 


Manuscripts of published papers will be kept on file for one year. After that time they wiil 
be destroyed unless other instructions have been received from the author. Original graphs, ete., 
and negatives of all illustrations are returned to the author immediately upon publication 


SUGGESTIONS TO AUTHORS 


General. Authors will find the last volume of Cereai Chemistry a useful guide 
to acceptable arrangements and styling of papers. “On Writing Scientific Papers 
for Cereal Chemistry” (Trans. Am. Assoc, Cereal Chem. 6:1-22. 1948) amplifies 
the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 814 by II inch white paper, and all original drawings or photo- 
graphs for figures. If possible, one set of photographs of figures should also be 
submitted. Originals can then be held to prevent damage, and the photographs can 
be sent to reviewers. 

Editorial Style. A-A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster's Dictionary. \ few points which 
authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9 g. were). Figures are used before unit abbreviations 
(3 mL), and % rather than “per cent” is used following figures. All units are abbre- 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5°-10°C.). Place 0 before the decimal point for correlation co- 
efficients (r — 0.95). Use * to mark statistics that exceed the 5° level and ** for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/ (B+ C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 


For more detailed information on manuscript preparation see 
November 1955 issue (Cereal Chem. 32: 529-530. 1955) 
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the best products you can make depend on 


the best ingredients you can buy... 


VITAMINS 
Essential vitamins by 
Sterwin-U.S.P. . . . in 


bulk and specially 
prepared pre-mixes and 
tablets for the enrich- 
ment of cerea! products. 
Quick delivery . . . any 
quantity, anytime. 
Quality control assures 
potency, purity, depend- 
ability 


CERTIFIED F.D.& C. COLORS 


A complete line of pure 
food colors. Leaders in 
basic color field for more 
than 25 years. PARA- 
KEET COLORS add 
eye and sales appeal to 
many famous cereal 
products. Any shade or 
color combination de- 
sired can be produced. 
Top quality guaranteed. 
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ZIMCO P. VANILLIN 


Leading flavor manufac- 
turers rely on ZIMCO 
Vanillin. Made by 
world’s largest producer 
of vanillin. Exquisite 
flavor, and delectable 
aroma. Uniform quality 
... the flavor never varies. 
Consult your favorite 
flavor supplier. 


STERWIN HELPS STOP YOUR SANITIZING PROBLEMS With ROCCAL® 


The Original Quaternary Ammonium Germicide. Provides industry 
with an effective germicide that is laboratory controlled and tested. 


Subsidiory of Sterling Drug inc. 
1450 BROADWAY, NEW YORK 18, N.Y. 
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The New Pneumatic Model MLU 202 


BUHLER 


AUTOMATIC LABORATORY 


Front side of the MLU 202 Buhler Auto- 
matic Laboratory Mill; equipped with pnevu- 
matic product conveying which eliminates 
material collecting in the ducts and result- 
ant infestation. 


Offers You 
These Advantages 


—It grinds small samples, or large lab- 
oratory runs; 


—It produces flour with exactly the 
same baking quality as the flour 
from a commercial mill; 


—It gives results that can be duplicat- 
ed whenever desired; 


—It grinds wheat quickly and auto- 
matically; empties completely; 


—It is simple to operate and easy to 
attend; 


—It requires no special milling experi- 
ence from the operator. 


The MLU 202 Laboratory Mill was designed primarily to produce flour from any 
specific sample of wheat so that advance information may be obtained as to 
what can be expected in yield, ash content, color and baking qualities of the 
sampled wheat, without running it through a commercial unit. The Buhler MLU 
202 has the same advantages as a pneumatic mill in comparison with an ele- 


vator mill. 


BUHLER BROTHERS, INC. v.s.a. 


4207 NICOLLET AVENUE 
MINNEAPOLIS 9, MINNESOTA 


BUHLER BROTHERS (Canada) LTD. 


24 KING ST. WEST 
TORONTO 1, ONTARIO 


SPROUT, WALDRON & CO., INC. 


Buhler Brothers Division 


61 LOGAN ST., MUNCY, PENNSYLVANIA 
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it's a cinch h with the 


Positive 
Infestation 
Control... 


the NEW “ENTOLETER” ‘BIG INCH’ 
for 150 to 500 cwt per hour 


the STANDARD “ENTOLETER” unit for 
25 to 150 CWT per hour 


guarantee your flour specifications... 
let “ENTOLETER” Infestation Control assure 
the complete cleanliness of all ingredients 
and finished products . . . 

.. the trademark “ENTOLETER” on milling 
equipment is your guarantee of complete 
satisfaction. Write to us for information 
concerning our products. 


ENTOLETER DIVISION 
The trademark ‘‘ewto.eter’’ is your SAFETY IN DUSTRI ES, INC. 


Formerly The Safety Car Heating and Lighting Co., Inc 


let tisfaction 
gverantes of complete satis , P.O. Box 904 New Haven 4, Conn 
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MERCK PRODUCTS 
FOR THE FOOD INDUSTRY 


Ascorbic Acid 
Caffeine 


Cebicure* 
(Ascorbic Acid Merck, for Meat Curing) 


Cebitate* 
(Sodium Ascorbate Merck, for Meat Curing) 


Citric Acid 
Niacin 
Phosphoric Acid 
Riboflavin 
Sodium Benzoate 
Sodium Citrate 
Tartaric Acid 
Thiamine 


Vitamin Mixtures 
for Flour, Corn Products, Farina, and Macaroni 


Vitamin Wafers 
for Bakery Products and Macaroni 


Vitamin A Acetate 
Vitamin A Palmitate 


*Trade-mark 


Food industry chemists prefer 
Merch Laboratory Chemicals 


MERCK &€& CO., INC. 


Manufacturing Chemists 


RAHWAY, NEW JERSEY 
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Proof PY-RAN* Leavens in the Oven! 
Freshly mixed doughballs 

made with self-rising flour 

rest in liquid. Dough at 


left leavened with PY-RAN; 
another calcium 


2 minutes, 12 seconds: 
PY-RAN dough remains at 
bottom. The other calcium 
phosphate has evolved so 


3 minutes, 44 seconds: 
PY-RAN dough finally be- 
gins rise, proof of slow 
controlled gas release dur- 
ing critical pre-oven period. 


PY-RAN (anhydrous monocalcium phos- 
phate) not only holds its leavening action 
for the oven, it gives longer shelf life to 
prepared mixes and self-rising flour. A spe- 
cial moisture-absorbent coating protects 
PY-RAN from reaction during storage. 
PY-RAN performs well with other leavening 
acids, gives superb texture, volume, crust 
and crumb color, reduces tunneling. 
You will also like SAPP-40 for machine 
doughnut mixes, SAPP-28, a slow-action 
baking acid, and HT* Phosphate (MCP : SERVING INDUSTRY. 
monohydrate). Ask the local Monsanto rep- _ WHICH SERVES MANKIND 
resentative for the new book ‘Monsanto 
Phosphate Leavening Agents,” or write: 
Monsanto Chemical Company, Inorganic 
Chemicals Division, 710 North Twelfth 
Boulevard, St. Louis 1, Missouri. 
*Reg. U. S. Pat. Off. 


WORLD'S LARGEST PRODUCER OF ELEMENTAL PHOSPHORUS 
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$-40540 HEATER—Electric, Seven 
Step, Stainless Steel, 750 Watt, 
Sargent. An economical well con- 
structed heater for laboratory use in 
distillations, evaporations, digestions 
and extractions; applicable for use 
in many standard ASTM. methods 
such as D-86 and in the official 
Kjeldahl method of the A.O.A.C. 

The heater is equipped with three 
Chromel-A heating elements of 150, 
250 and 350 watts, spirally positioned 
in increasing order of size from center 
of lower element refractory, assuring 
uniform heating at all ranges. 

The selective or combined use of 
these heating elements provide seven 
operating ranges, namely, 150, 250, 
350, 400, 500, 600 and 750 watts. The 
heating elements are energized by 


SARGENT 


ECTRIC 
HEATER 


© Seven Step Control 

@ Low Cost 

© Stainless Steel Construction 
© Localized Heating 

© Up to 750 Watt Output 


three toggle switches located on the 
control panel. A panel plate clearly 
indicates which toggle switch must be 
thrown to obtain the desired wattage. 

The entire heating unit is contained 
in a refractory plate isolated from 
the outer frame insuring that the 
stainless steel case is cool at all times. 

Removable upper refractory is re- 
versible. One side molded to accom- 
modate 500 ml and 800 ml Kjeldahl 
flasks and 4 in. concentric metal rings. 
The other side beveled to accommo- 
date large, round-bottom flasks. 

Complete with S-40546 lower re- 
fractory, S-40547 upper refractory, 
one Py of dovetail clamp sockets, 
one S-40745 dovetail clamp and cord 
and plug for attachment to standard 
outlets. For operation from 115 volt, 
A.C. or D.C. circuits 


SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
ICI DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
=SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 


SHAGEM! 


*, IN EVERY DOUGH—EVERY DAY 


FOR IMPROVED NATURAL MOISTURE 
RETENTION IN YOUR BREAD AND 


THE PANIPLUS COMPANY 


742 BOARD OF TRADE BLDG. KANSAS CITY 6, MO. 
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THE DYOX PROCESS ® for flour maturing ... 
The fixed uniformity of DYOX treated flour is a definite 
advantage to the miller who strives to meet the baker’s 
demand for a starting product of constant value—which 
works in the bake shops with the least trouble and 
manipulation by the operator. DYOX treated flour 
assures overall dependability, uniformity of product, 
and ease of operation. 


“NOVADELOX””® for whiter, brighter flour... 
“Novadelox” is designed to meet the desire of the con- 
suming public for a bread that is truly white—and to 

enable millers to produce a uniform product of standard 
color. 


“N-RICHMENT-A””® for uniform enriching .. . 

“N-Richment-A” provides a readily available, simple 
and troublefree product for enriching flour—with the 
assurance that the standard procedure of adding 
“N-RICHMENT-A” will produce a dependable 
standardized flour. 


THE N-A FLOUR SERVICE DIVISION with more than a 
quarter-century of experience... 
The N-A Flour Service Division with its skilled labora- 
tories and staff is always available to work with you or 
4 your consultants on all phases of maturing, bleaching 
and enriching. Why not phone your nearest N-A Repre- 
sentative today! 


NOVADEL FLOUR SERVICE DIVISION 


— WALLACE & TIERNAN INCORPORATED 


BELLEVILLE 9, NEW JERSEY 
PRINCIPAL 


REPRESENTATIVES 


